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FOREWORD

This is a final report prepared under contract AF 41(609)-
1590 (Project 8241, Task 824133) with The Hine Laboratories,
Inc., San Francisco, California. This report covers research
carried on from May 1962 to May 1963. Air Force program
monitor is Dr. Horace F. Drury, ALR, Arctic Aeromedical
Laboratory.

Research personnel include Marjorie L. Dewey, Mary L.
Fraser, Emily L. Spalding and V. C. Sutherland. References
reviewed for this report are contained in a 15 volume set, with
an author and cubject index. A set of these references is
located at -- Library of Congress, Technical Reports Division,
Washington, D. C. 20540; National Institutes of Health Library,
Division of Research Services, Bethesda, Maryland, 20014;
National Library of Medicine, Technical Reports Division, 8600
Wisconsin Ave. Bethesda, Maryland, 20014 and the Library of
the Arctic Aeromedical Laboratory, Fort Wainwright, Alaska.

This technical report has been reviewed and is approved.

HORACE F. DRURY
Director of Research
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ABSTRACT

This review of medical and scientific literature was undertaken to
establish what knowledge was existent regarding effects of alcohol and
other drugs in the presence of reduced environmental temperatures on the
behavior of animals and man. The gathering, classifying, and reviewing
of this literature was necessary to determine whether further work should
be done in this area. The paramount problem was to determine whether
reduced environmental temperatures such as might be expected in environ-
ments in which Air Force personnel would be operating in their world-wide
mission were a factor which should be considered in predicting behavior,
following the ingestion of alcohol, taking of drugs or exposure to other
agents which might have effects on the central nervous system. This
review was accomplished in part by direct reference to journals dealing
with the action of drugs and environmental agents, and in part by reference
to standard abstracting sources. Special attention was paid to material
appearing in the Quarterly Journal of Studies on Alcohol. Wherever the
subject matter seemed of sufficient importance to require critical review
of original data, the original articles were sought out and analyzed. In all,
more than 4, 500 articles and abstracts were read. Of these, 1200 were
selected as being especially pertinent and 700 of these were carefully
reviewed. A cross-index was prepared according to major topic headings.
Due to the paucity of material pertaining to the subject oi the environment,
the original scope of the project was enlarged to consider information which
would be requisite to an experimental investigation of the problem. Special
attention ‘was directed toward the pharmacology, physiology, effects on the
ncroms system, and behavior following acute or repeated intake of alcohol.
Numercus observations have been made regarding the effect of alcohol
alone. Relatively few have been made concerning the combinations of
alcohol with other drugs. Practically-no irformation was available con-
cerning the effect of the environment, drugs and chemicals, especially as
regards reduced temperatures. Based on the literature review, a narra-
tive description of the material necessary to evaluate the original problem
was made and recommendations were set forth for an experimental program
which would otviously have to be carried over some period of time in order
to clarify the many undetermined factors relating to the effects of alcohol
alone and in combination with other drugs as influenced by reduced
ambient temperatures.
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I
INTRODUCTION

In preparing this review we were struck by the diverse nature of the
reports which appear in literature concerning acute alcohol intoxication.
As judged by the total number of reports, this subject has been investigated
by a tremendous number of pharmacologists, biochemists, clinicians,
psychologists and toxicologists. Unfortunately, many of the experiments
lack objectivity, are poorly designed and contain too few observations to
support the conclusions reported.

There were surprisingly few studies on the action of alcohol in combina-
tion with other drugs affecting the central nervous system, but from the
available information it will appear that while other drugs may potentiate
the effects of alcohol, none of them have any real synergistic effects. There
was relatively little information concerning environmental factors which
influence the action of alcohol on either experimental animals or human
subjects, and there is obviously a need for a considerably greater amount
of research in this area. An excellent review of the general effects of
temperature on drug action has been made by Fuhrman (1, 2) though there
are relatively few references to alcohol itself. In developing this report we
purposely extended our activities beyond the principal charge of developing
information relative to the effects of alcohol alone or in combination with
other drugs on the nervous system, since we believe that information rela-
tive to the diagnosis of intoxication, the medicolegal significance of inebri-
ation, and the addicting properties of alcohol, are subjects of considerable
significance to the Air Force.

Characteristics of Alcohol

Ethyl alcohol, grain alcohol, ethanol, C_H_OH, is a colorless mobile
liquid of pleasant odor with a flash point of IZZOSC and a vapor pressure at
20° C of 44 mm Hg. Completely miscible with water, it has a boiling
point of 78, 3° C, a density of 0.7894, and as commercial alcohol of 95.7%
by weight forms a constant boiling mixture with water of 78.2° C. Approx-
imately 700, 000, 000 proof gallons of ethyl alcohol are produced in the
United States annually, the majority of this through fermentation processes.
The allocation of ethyl alcohol for industrial purposes indicates that over
half is used for the production of synthetic rubber, 20% for intermediate
chemical manufacture, 7% for solvent use, and the rest for a wide variety
{over 300) of applications and manufacturing processes. Syntheatic alcohol
is rnade by hydrolysis of ethyl sulfuric acid which is formed through the
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hydration of ethylene or acetylene. Since antiquity it has been manufactur-
ed through the fermentation of sugar or starches of various sources in the
presence of yeast. Raw material includes molasses, grains, corn, sor-
ghum, rye, barley, pineapple juice, whey. Despite its wide industrial
use, its social implications and man's behavior secondary to its use are
the reason for this review.

Backgrcund

The history of the use of alcohol is as old as the history of man, being
closely interwoven with religious myth, fertility rites and social customs.
The story of Noah is reported to represent the discovery of alcohol. The
ancient Egyptians attribute the discovery of wine to Osiris, and in Chinese
tradition the maid, Yi Tieh, produced it '"de novo' about 2000 years B. C.
as drink for the harassed emperor Yu. The relief of anxiety and the dis-
sipation of tension, and the mildly sedative and relaxing action of moderate
doses of alcohol is today the basis for the persistent use in most societies
throughout the world. The ancient Greeks credited Bacchus with the trans-
mission of the art of wine making to man. Alcohol as obtained by distilla-
tion was probably first discovered by the Arabian alchemists, and hence
the Arabic name of "Al Kohl'. The word ""Kohl' came to denote a fine
powder, the name given eventually to all sublimates and distillates.

Baume in 1773 (3) describes in his '""Chymie Experimentale', a distilla-
tion of the liquid for use in chemistry and medicine, but it was not until
this century that these highly alcoholic liquids were used as drink. Alco-
holic beverages contain varying quantities of alcohol, and for general
orientation purposes a summary of these follows:

TABLE 1

Approximate Alcoholic Content of Various Beverages

Name Percent of
Alcohol by
Volume
Very light beers 2.0-3.0
Light beer 3.5-4,0
Stronger beers, porter, stout, ale 4.5-6.0
Cider 4.5-5.5
Table wines -- light 6.2-12.0
Vintage wines 8.0-9.0
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Name Percent of
Alcohol by
Volume
Effervescent wines and champagne 9.5-10.5
Sherry, port 14.0-20.0
Liqueurs 30.0-50.0
Brandy and gin 35.0-40.0
Cherry brandy
Cognac 48.0-50.0
Whisky
Rum 50.0-69.5
Chartreuse (7reen) 50.0-60.0
Vodka 60.0-80.0

Medical Uses

As reported by Goodman (4) alcohol and alcoholic beverages are used
widely for numerous ailments by the laity, and their legitimate uses in
medicine are difficult to describe. Certainly alcohol is an excellent solvent
and has been used as such for many drugs, frequently being employed as a
vehicle in medicinal mixtures. A cooling sensation is experienced when
alcohol is allowed to evaporate from the skin and it is used for this purpose
in fevers. It is also contained in linarments because of its rubefacient pro-
perties. Since it decreases sweat it is an ingredient of anhidrotics and
astringent lotions. It is frequently used as a popular skin disinfectant,
and because it is bacteriologically potent in a concentration of 70%, is
widely used as a sterilant. It is not used to disinfect. wounds or raw sur-
faces because it is neutralized by proteins. Reports in the recent medical
literature indicate that it was reevaluated extensively as an anesthetic
hypnotic and anzalgesic in the period 1940-1960 with varying degrees of
enthusiasm.

When used intravenously during childbirth, alcohol levels may reach
.12 to . 18%, thus rendering the majority of patients fairly comfortable.
The alcoholic concentration of fetal blood immediately after delivery is
approximately 20% lower than the mother's. These blood levels were not
noted to produce any change in the baby or interfere with spontaneous
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initiation of respirations. However, in 100 unselected obstretical patients
the intravenous administration of 7. 5% ethyl alcohol resulted in varying
tolerances, requiring individual adjustment of the rate of administration.
Analgesic effects were excellent at a concentration of alcohol of . 065% in
the venous blood of mothers. Ethyl alcohol has been used successfully as
an analgesic, euphoric, anti-pyretic and vasodilator in the treatment of
phantom limb pain, peripheral vascular disease, pyrexia, and intractable

pain. Treatment of opium addicts in which substitution was made over a ]
period of six days was reported as highly successful. Success has been
reported also when alcohol was used as an agent for quieting patients in a .

state of exhaustion in some forms of mental disease, including manic-
depressive psychoses, schizophrenia and catatonia, especially when patients
were in extreme exhaustion with dehydration.

Alcohol has been sometimes used to increase appetite, as a hypnotic in
insomnia, and in certain peripheral vascular and coronary artery diseases.
It is contraindicated in ulceration of and hyperacidity in the gastrointestinal
tract, epilepsy, acute infections of the urinary tract, or in patients who are
inclined to become addicted.

When alcohol is administered post-operatively, in addition to a benefi-
cial effect on nutritional requirements, other advant2ges include the well-
being of the patient, the elimination of the use of morphine, and a con-
comitant decrease in the incidence of paralytic ileus in gas pain. Given
intravenously ethyl alcohol provides quickly utilizable food, spares carbo-
hydrates and fats, and permits utilization of protein for anabolism. As an
analgesic it raises the pain threshold and produces indifference to perceived
pain. It reduces the use of opiates, is beneficial in terminal patients, in
asthenia, and in post-operative delirium tremens.

According to reports in the Russian literature, when local anesthesia
cannot e used, ethyl alcohol anesthesia is a method of choice. The average
dose for complete narcosis is between 2 and 2.5 cc/kg of body weight. The
alcohol is administered with 2 parts 5% glucose, and the resulting sleep
generally lasts 2 to 5 hours. A synergistic action of alcohol and hexanal >
(a barbituric acid derivative) has been utilized to advantage in intravenous
anesthesia. This procedure prolongs the narcosis. The chief advantages
to alcohol anesthesia as recorded by the Russians are the ratio between the
narcotic and toxic dose, the reversible effect upon tissues, the pleasant
aftereffect, its acceptability in patients with respiratory complications,
its lack of expense, easy preservation, and non-explosibility in the surgical
area requiring open flames. The chief complications are phlebitis of the
veins when administered in the sxtremity, and excitement occurring after
sleep.




The administration of ethyl alcohol has been proposed by Roe (5) as an
antidote for methyl alcohol poisoning, based on the theory that ethyl alcohol
has a greater surface activity on the enzyme receptor than does methyl
alcohol, and the latter therefore becomes displaced from enzyme surfaces
and thus the oxidation of methyl alcohol and the production of formic acid is
inhibited. However, the accompanying acidosis must also be corrected by
alkaline salts. The post-operative use of a solution containing 7. 5% ethyl
alcohol, 5% protein hydrolysate and 5% dextrose in 1000 cc of water is
reported to minimize nausea, provide a good substitute for opiates, and not
be accompanied by respiratory depression. The solution relieves anxiety
and tension, provides calories, sedation and analgesia, and no systemic or
allergenic reactions have been noted in a series of over 500 patients.

Brown (6) reported on successful treatment of 5 of 6 patients in status
asthmaticus by the intravenous injection of ethyl alcohol, and concluded
that this treatment "ulfills all the essential criteria of an ideal drug for
this situation.

Intravenous alcohol infusions are certainly contraindicated in demon-
strable liver damage or history of epileptic attacks, and despite the favor-
able reports, the Council of Pharmacy and Chemistry in 1948 refused to
approve the preparation of 5% ethyl alcohol as a combined analgesic and
caloric provider for post-operative states. Evidence advanced in support
of the preparation, including the use of alcohol for intravenous infusion as
a sedative and as an adjunct in the treatment of certain diseases including
delirium tremens, was found to be poorly documented and therapeutic
evidence unconvincing. It was indicated that the peripheral vasodilatory
effect would be deleterious in the presence of shock or impending shock,
and although alcohol may be useful when other narcotics are contraindicated,
it is subject to the production of tolerance, leaves much to be desired as a
sedative, and is a feeble stimulant in respirations.

Ethyl alcohol is probably contraindicated in most hepatic and renal
disease, and in infections of the lower urinary tract. The medical use of
alcohol in a particular disease state should be at the discretion of the physi-
cian and individualized for that case. It has had an application for years in
the injection about regional nerves as a procedure for the relief of pain not
obtainable by other measures. It has a long and well-accepted position as a
stomachic to improve appetite and digestion. Its use as an anti-foaming
agent in the treatment of pulmonary edema has been reported as favorable
due to its surface action; however, it is probably not as efficient in this
area as the newer synthetic agents.
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Consumption of Alcoholic Beverages

According to Dr. Greenberg (7) there are some 80 million adults in the
United States who drink beverages containing alcohol under a multitude of
different occasions and in different degrees of moderation. A Gallup Poll
conducted in May of 1960 reported that beer, wine or hard liquor is occa-
sionally consumed by 62% of the American population. A New York survey
in 1958 showed that 71% of householders served alcoholic beverages within
the month preceding the inquiry., In 1950 there were an estimated 40
million male users of alcoholic beverages in the United States, equal to
26% of the total population. The total consumption of absolute alcohol by
this group was 181, 000, 000 gallons, or 80% of the totale The consuming
male population may be divided into three population grouvps consisting of
3,276, 000 alcoholics who each consumed an estimated 8 ounces of alcohol
daily, 7, 300, 000 moderate drinkers who consumed daily an average of 3.5
ounces of absolute alcohol, and 28,654, 000 occasional drinkers who con-
sumed less than . 5 ounce daily.

It would appear that in the United States the major portions of alcoholic
beverages are consumed by males, though statistically they are not any
greater in number than female users. Drinking of alcoholic beverages,
therefore, is not limited to a small group of persons. At least 2/3 to 3/4
of the population at some time drinks alcoholic beverages. About 4 Ameri-
cans in 10 drirk beer, and 1 in 4 whiskey once a week. Drinking varies
according to age and reaches its peak in the age group between 35 and 40.
Social circumstances surrounding drinking indicate it does not occur ran-
domly throughout the day or the week, but that there are peaks for drinking
centering around evening hours; weekend drinking far outweighs that done
during the working week. The reason for drinking is described in terms of
fulfillment of individual needs and as a result of social influences depending
on the philosophic aid disciplinary position of the investigator. It is certain
that drinking is a complex, learned individual behavior which generally
occurs in a social setting, and an individual's drinking behavior seems to
reflect his early training, momentary needs, long-term psychologica! needs,
as well as the social context ia which he places himself or finds himself at
the moment. A survey conducted by Riley in 1948 (8) indicates that drink-
ing is directly motivated by the influence of social pressure as much as it
is by acquired inner drives. Approximately 40% of persons assigned their
main motivation to group pressures. This social pressure is more influ-
ential in the motivating of drinking by women, the young and the occasional
or infrequent drinker. The social pressure is not custom, except in certain
rare cases of persons who descend from particular ethnic groups, nor is it
institutional, but rather the kind of transitory social pressure which char-
acterizes much of the personal behavior of people in changing social orders,
or when authoritatively sanctioned rules of behavior have not replaced old
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mores and old customs. Regardless of the forces that lead to the consump-
tion of alcohol, the intake of alcoholic beverages is a medical and social
problem which is of extreme importance in our time and has far-reaching
influences on both group and individual behavior. This is important to the
military in terms of the increased incidence of accidents, delinquency and
lower efficiency which follows acute intoxication and subclinical alcoholic
intoxication, but particularly the state of chronic alcoholism.

81

ACUTE ALCOHOLIC INTOXICATION

General

Acute alcoholic intoxication is seen so frequently by the public that a
detailed description of the event is probably not required. However, the
commonly held belief of the public that alcohol is a stimulant due to its
powers to lessen inhibition and cause impulsive behavior may need correc-
tion, though as early as 1883 the noted German pharmacologist Schmiede-
berg advanced the postulate that alcohol is a depressant of the central
nervous system. There is no question but that the central nervous system
is affected to a greater extent by alcohol than is any other system of the
body. The depression which results is an irregularly descending one and
resembles that produced by general anesthetics. Particular behavior
which is exhibited as a result of alcohol is a product of two factors, in
addition to the degree of tolerance to alcohol, namely the psychological
makeup and personality of the individual, and the environmental situation
in which the intoxication is experienced. In the psychic sphere one notices
a loss of the finer grades of attention, reflection, judgment and comprehen-
sion. There occurs a lack of self-criticism and incorrect assessment of
one's own performance which is misleading in that the intoxicated person
feels that he is performing better. At low levels of alcohol he becomes
pleased at the ease with which he expresses his thoughts, his zourage in-
creases and he attributes to himself many attributes which he does not
possess. As acute alcohol poisoning advances there occur noticeable
changes in the general appearance which are secondary to the physiological
effects of intoxication. The pupils appear to be generally dilated and the
reaction to light and accommodation is sluggish. In far-advanced coma,
the pupils may be small though they respond to tactile stimulation on the
skin and to light. The facies are generally warm and flushed. The con-
junctiva of the eyes are engorged due to the vasodilatory effects of alcohol,
though there is little change in physiological factors such as blood pressure
and pulse rate. There is, of course, a marked effect on muscular coordina-
tion so that there is slurred speech, impairment of gait and balance, and a
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lengthening in reaction time. As the blood alcohol level increases and the
degree of intoxication grows greater, there may be evidence of impairment
of circulation due to interference with the airways, so that the ears and
lips may become cyanosed, the face itself may assume pallor due to failing
circulation, the temperature becomes markedly subnormal, breathing
sonorous and irregular, and the pulse becomes poor in volume. Coma
which persists for 10 hours and is not treated generally becomes fatal. As
the concentration of alcohol in blood increases, the degree of intoxication
decreases, though individuals vary considerably as regards the more basic
physiological changes. A summary follows of the relation between the
alcohol concentration in the blood, urine and spinal fluid, and the effects
generally seen.

TABLE II

Certain Manifestations of Behavior in Relation to Ethyl Alcohol Levels

Mg of Alcohol

Effect Blood Urine C.S.F.
Slight changes detectable by special
tests <50 <60 ---
Beginning of uncertainty 60-80 >100 70-90

Emotional instability; decreased
inhibitions, slowing responses to
emergencies 80-100 >100 100-120
Slow comprehension (at this level
about 30%-50% of patients are
clinically intoxicated) 100

Between these levels at 120-150 185-250 150-175
Drowsiness least 50% of patients
Drunkenness cannot be considered

to be sober 160

Severe alcoholic intoxication; confu-
sion; staggering gait; slurred incom-
prehensible speech; stupor (95% of 200-400 250-500 220-440
patients were diagnosed as intoxicated
on clinical examination at 250 mg%)
Paralytic coma 400-500 500-700 450-550
Death >500 >600 550




While acute alcoholic intoxication is exceedingly common, death from
uncomplicated acute alcoholism is relatively rare. Average lethal dose
ranges between 250 and 500 gm of absolute alcohol. Further discussion of
the effects of alcohol are reported in the section on the effects on the nerv-
ous system and the section on general physiology of alcohol. Despite the
multitude of signs and symptoms, acute alcohol intoxication can be at times
confused with other conditions. Moore, Alexander and Ipsen (9) have
reported that intoxication with other drugs, cardiovascular accidents,
mental disturbances and cerebral injur ;y are the most common causes for
diagnostic errors. Acute alcohol intoxication does contribute also to mis-
diagnosis of other disease states. For example, the differential diagnosis
of cranial trauma and acute intoxication is an important one which can be
established simply by a breath or blood test. The relevance of this can be
seen from review of the records of a certain hospital which indicate that
while half of 170 cases of definite head injury were judged to be under the
influence of alcohol, in 5 persons no alcohol was present at all in their
blood. Also, among 430 consecutive cases of head injury admitted to
Boston City Hospital, 10% had prolonged confusion and 2% showed amnestic
and confabulatory symptoms. Alcoholism was involved in only 21% of the
total head-injury admissions, but was proven or suspected in all of the
amnestic cases. Diabetic coma has in this author's experience been
erroneously diagnosed as alcoholic intoxication, the true condition being
readily established by biochemical tests.

-Approximately 5% of all admissions during the period 1950-1953 in a
General Hospital in Norway was for acute poisoning, and of this, alcohol-
ism was responsible for app-oximately 12%, but the majority of other
patients who had taken other drugs were alcoholics. Elevated blood alcohol
levels, that is above .15%, are found in an appreciable number of suicide
and accident victims. There is some disagreement as to the importance of
acute alcoholism as a cause of death in the United States. According to
Moore and Leary (10), it ranks second only to carbon monoxide, and the
two poisons together are stated to kill more people than all remaining
chemical substances and drugs. Moore and Leary relate most acute alcohol
deaths as secondary to ingestion of large additional amounts of alcoholic
beverages by a person already intoxicated, and point out that most deaths
from '"poison liquor' during the Prohibition era were simply due to over-
doses of ethyl alcohol. The author's experience in 25, 000 cases in the
coroner' s office in San Francisco is not in agreement with these findings.
We have noted that wlile alcohol is responsible as a contributory cause in
a large number of accidental deaths due to a variety of cavses, lethality
from the direct depressing effects of alcohol on the respiratory center is
relatively uncommon. The problem is unfortunately confused with that of
chronic alcoholism from which it cannot be completely separated. The
latter condition is a significant cause of death, exceeding on an annual basis
some types of cancer and heart disease.
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No specific treatment has been devised which is entirely satisfactory
for severe acute alcoholism, and therapy is largely symptomatic. There
are essentially two different regimens required, depending on the stage of
inebriation. In the first instant where there is profound depression of med-
ullary centers, the main goal is to keep the hypoxic patient in a relatively
good state of oxygenation, support the depressed circulation and maintain
blood pressure. Analeptic drugs are not generally any more effective in
this than in the treatment of other physiological depressed states due to
hypnotic and sedative drugs. Nevertheless, a large variety of central
stimulating drugs have been advocated and are used. If a large quantity of
unabsorbed alcohol is present in the stomach, this should be removed with
careful consideration being given to the avoidance of regurgitation and
resulting aspiration pneumonia. In the second condition we are faced with
an individual with only moderate physiological depression, who demon -
strates varying degrees of disorganization of the central nervous system.
Restraint, sedation and protection are paramount. In many instances these
persons are in poor nutritional states due to decreased intake of food and
liquids other than alcohol. This is especially encountered in acute alcoholic
episodes of the chronic alcoholic, who poses particular problems because

of his physiologically unstable state with alterations in normal biochemistry.

A variety of treatments have been prescribed for the management of these
patients, especially those in the excitement phase who show unusual irrita-
bility of the central nervous system. A number of these treatments are
reviewed.

McCrea (11) treated respiratory failure in dogs, induced by administra-
tion of large quantities of alcohol with intravenous metrazol. Spontaneous
breathing occurred, and animrals recovered without any effect on the dis-
appearance rate of alcohol from biood or the duration of coma. The admin-
istration of an exchanged transfusion of 300 cc of blood has been utilized in
the treatment of an acute alcohol intoxication in a child, with complete
recovery. This therapy would seem drastic and has seldom been used.

Both hemodialysis using the artificial kidney, and massive infusions
regulated to increase urinary output have been used in the treatment of
acute alcoholism, though pulmonary and cerebral edema as well as cardiac
embarrassment must be guarded against.

Davis (13) proposes that in acute alcchol intoxication, both the stagnant
and histotoxic type of hypoxia occur. Since there are no figures, statistics,
controls or measurements quoted in his article, and since he simply states
that in 100 subjects with acute alcoholism, pure oxygen given for 20 minutes
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of each hour over a period of 6 hours benefitted the subjects, the question
of this type of therapy seems to remain unresolved.

Since there are frequently physiological disturbances in the acute alco-
holic, such as acute endogenous and exogenous starvation coincident with
the alcohol withdrawal syndrome, appropriate therapy consists of adminis-
tration of glucose in saline with vitamin complexes intravenously, and solid
food and fluids forced for the first 24 hours.

Following recovery from the respiratory depressant phase of acute
intoxication, the four manifestations of toxicity are: psychomotor agitation,
gastrointestinal disturbance, depression or anxiety, and insomnia. The
treatment generally is with large doses of sedatives. Treatment of this
post-intoxication state with mephenesin is reported to be successful,
especially in relief of psychomotor agitation. Insomnia, a constant feature
of the hangover syndrome, is not directly relieved by this compound. Other
symptoms not satisfactorily treated by mephenesin alone, such as depres-
sion and anxiety, respond to amphetamine, while gastrointestinal hyper-
irritability and hyperhidrosis yield to atropine sulfate. The effect of the
latter drug with mephenesin is reported as synergistic. As the incidence
of side effects is infrequent, mephenesin is given at 1 gm dosage levels
every 4 hours during the acute episode.

A number of investigators have reported that insulin and glucose will
hasten recovery from acute intoxication. This has allegedly teen due to an
increased rate of disappearance of alcohol from the blood. While, as will
be discussed later, this seems doubtfnl, it does appear that patients suf-
fering from either alcoholic psychosis or acute alcoholic intoxication and
treated with 10 to 20 units of insulin, may be sobered up in an average of
one day, thus decreasing the normal two to four day period. No sedatives
were used in this system, and patients were stated to prefer this method.

A number of different depressants and tranquilizers have been evaluated
in the control of psychomotur agitation and anxiety, Paraldehyde in doses
of 8 cc has long been a classical and honored therapeutic agent of use dur-
ing the post-hypnotic period. Only rarely have undesirable effects and
potentiation been reported. Lethality, however, has followed the unre-
stricted use of the material with levels of the drug in the blood and brain
at the lower lethal range.

In a double blind study utilizing a check list of symptoms, the effects of
meprobamate were evaluated on hospitalized and out-patient persons under-
going treatment for alcoholism. In general, meprobamate shortened the
time before complete recovery, diminished the intensity of symptoms of
hangover, and lowered the need for additional medication. It thus appears
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to be an effective adjunct to other medications in acute post-alcoholic
states. In other studies meprobamate benefitted 75% of cases during the
withdrawal period. It is generally given in doses of 400 to 800 mg four
times a day. Mephenesin has also been reported as improving the symp-
toms of excitement, confusion, incoordination and intoxication in acute
alcoholic patients, so that patients will respond to this therapy in addition
to routine treatment approximately one day sooner.

Chlorpromazine has proved markedly effective in producing sedation
without stupor in controlling manic excitement, anxiety, psychomotor
agitation and tension in the management of acute alcoholic states. Standard
doses have been 100 mg of the drug on admission and 50 mg three times
daily until symptoms subside. Most of the patients go to sleep for a period
of three to eight hours. In a small percentage, the drug is ineffective. No
synergistic effects between the drug and alcohol have been noted, even in
the presence of appreciable levels of alcohol in the blood. Fazekas (13)
reports that chlorpromazine in amounts of 50 mg, while producing a som-
nolent state in intoxicated patients, does not produce either a change in
rate of oxidation or in the depression produced by alcohol. However,
hypotension is found as a troublesome but readily reversible side effect.
In a number of series it has been found as effective as standard treatment
with barbiturates and mephenesin, the essential difference being that it
quiets the patient sooner, permiis him to be aroused more easily, and
better controls nausea and vomiting. This has resulted in a shorter period
of hospitalization than with standard treatment. Readmission rate is about
the same, indicating that it has no effect on sobriety, Untoward side
effects include hypotension, controlled in part by reducing dosage, and
palpitation and tachycardia. Three patients so treated developed seizures
and delirium tremens, and it has been suggested that patients with convul-
sions or impending delirium should be given, in addition, small doses of
barbiturates. One fatality which may have been related to the treatment
occurred in a cardiac patient with cirrhosis of the liver. Relatively few
marked reactions have been reported from this drug. When chlorpro-
mazine was given by vein, muscle or mouth to a series of alcoholics with
delirium tremens, or with psychomotor agitation, sleep generally followed
in 15 minutes to an hour. Acute hypertension was observed with intra-
venous injection; no depression of the nervous system and no synergism
with the alcohol was noted; no convulsions occurred.

Prochlorperazine given intramuscularly and later orally to patients
with acute alcoholism produced excellent results; there was decreased
anxiety and relaxation and better sleep, which in turn helped the overall
program of rehabilitation.
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Dizziness and postural hypotension were encountered in the use of pro-
mazine as the only side effects in a series of acutely intoxicated hospital-
ized patients who presented a number of other related diseases including
cirrhosis of the liver, coronary heart disease, psychoneurosis, arterio-
sclerosis, and malnutrition. Nausea and vomiting were checked in 90% and
psychomotor agitation in the majority, following doses of 25 to 100 mg
every 4 to 6 hours. When phenyltoloxamine, a relatively safe tranquilizer
with some antihistamine effects, was evaluated in the potential treatment
of alcoholism in skid row alcoholics it was found to have no significant
effect in eight of nine alcoholics who received it, all of whom complained
of continued fatigue or nervousness. Of 163 acutely ill alcoholic patients,
the majority were reportedly relieved by the administration of reserpine
\Serpasil) and even more strikingly by perphenazine (Trilafon). Hallucina-
tions were well controlled within 36 hours, nervousness and tremor con-
tinued from 48 to 72 hours. Considerably less nursing care was required
than when glucose and insulin were used. Major side effects included sig-
nificant hypotension which occurred in 15% of the group. There seem to be
no contraindications. Reserpine has been used successfully in hospitalized
acute alcoholics commencing with parenteral administration of 2.5 mg
followed by oral medication of .25 mg three times daily. Side effects
including hypotensive reactions, excitement, tremor, and gross agitation,
were well relieved within 24 hours. Combination of reserpine with mephen-
esin carbamate is reported as successful in slightly more than 50% of v
treated acute alcoholics. There is biochemical evidence of diminished
function of both the adrenal and pituitary glands in acute alcoholism. Treat-
ment with adrenal cortex controls acute intoxication in Korsakoff's psycho-
sis, while delirium tremens and hallucinosis are reportedly successfully
treated with adrenocorticotropic hormone. Both ACE and ACTH have been
demonstrated by Smith (14} to be markedly effective in the treatment of
acute alcoholics. ACF had a more prompt sedative effect and abolished
anorexia somewhat more quickly.
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Cetadiol, a synthetic steroid, is reported as especially effective in
relief of withdrawal symptoms in hospitalized alcoholics. The patients
were able to eat and sleep the same day treatment wae begun. The total
dose whould not exceed 75 mg for the period of treatment.

Vitamin preparations have been recommended for specific therapy and
as a general supportive measure. Vitamin By administered to acute alco-
holics is reported to have a sobering effect, but to be of short duration.
Fructose may be of use, since it may increase the metabolism of alcohol
and has a sobering and sedative effect similar to that of Vitamin By except
that it appears later and lasts longer. Swedish physicians treating intoxi-
cated patients with two doses of 125 gm of Danish honey (half of the sugar
being fructose, report usually effective results, although a reported
""honey-alcohol reaction'' may occur which requires the injection of
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antihistamines, A violent alcoholic patient given intravenous injection of
100 mg cf vitamin B, became coherent and calm within 8 minutes and the
differential diagnosis of head injury was clarified. The beneficial effects
of pyridoxine has been questioned by Atkinson (15) who noted no faster
recovery in parallel groups of patients, one of which received the drug in
doses of 500 mg daily. Thiamine has been unduly used because of the
recognized deficiency of this vitamin., Its role is discussed under
"'nutritional aspects''.

11T .
PHARMACOLOGY

Absorption from the Gastrointestinal Tract

Alcohol is rapidly absorbed from the stomach and intestines, approxi-
mately 25% of an ingested dose passing through the stomach wall, though
this may be influenced by the emptying time of the stomach. Agents caus-
ing pylorospasm, and large quantities of alcohol itself, increase the percent-
age of alcohol absorbed through the stomach but decrease the rate at which
the maximum btlood level is reached. The maximum concentration of
alcohol in the blood usually occurs between 30 and 50 minutes following
ingestion; however, in some experimental work it has not appeared for 80
minutes.

The concentration of the alcoholic beverage markedly affects the rate
of absorption of ethyl alcohol from the stomach. After an original rapid
absorption rate for both high and low concentrations of ingested alcohol,
high concentration leads to slow absorption while low concentrations are
relatively rapidly absorbed. Slow absorption is believed to be a function of
delayed evacuation of the stomach. Lolli (16) carried out experiments
indicating that the rate of absorption of the alcohol varies in a curvilinear
manner depending on the concentration of the alcohol and the total amount
given. Maximum alcohol concentration in the blood occurs following inges-
tion of 30% aqueous dilution of alcohol, and when taken in moderate amounts.
With greater or lesser concentrations there results a lower maximal level
in the blood. When alcohol is dissolved in sugared water, the resulting
alcohol curve in volunteer subjects ingesting the beverage has a lower max-
imum which is reached later, as compared to the curve obtained after con-
suming alcohol in plain water. When the same amount of alcohol is drunk
in the form of champagne, sweet wine or vermouth, the highest and earliest
maximum alcohol concentration is obtained from champagne, and the lowest
and latest from vermouth. It is concluded that the presence of sugar in the
beverage lowers the a!cohol concentration in the blood by slowing the
absorption rates.
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After the ingestion of measured amounts of different kinds of food,
Rauschke (17) reported that absorption was retarded by carbohydrates and
proteins and speeded up by fat. These results are in total disagreement
with the observation of others that fatty foods generally decrease blood
alcohol concentrations and prevent drunkenness. Alcohol administered to
fasted rats gave peak levels in 15 to 30 minutes, with great consistency in
the rat» of absorption; unfasted rats showed a variation in the absorption
rate with different concentrations of alcohol. When administered intra-
peritoneally, the concentration of alcohol in the blood reached a maximum
level within 15 minutes. Mixing of different alcoholic drinks may affect
the gustatory or olfactory centers which accelerate gastric emptying in
some people and increase absorption. The same dose of alcoholic bever-
ages given to subjects under fasting conditions, with meals, and after
meals showed that the resulting alcohol curves in the blood are different,
the highest level being reached in the fasting state. In experiments in
which olive oil or paraffin oil was given to volunteers simultaneously with
the ingestion of alcohol, there was a decrease at 1/2 hour of 17% of the
average blood concentration in the group drinking olive o0il, as compared
with the control or those having ingested paraffin oil. After three hours
the average blood alcohol concentration was 16% higher with olive oil and
8% higher with paraffin oil. The ingestion of these substances may delay
the symptoms of intoxication but do not diminish them, if the biood level is
high enough.

Observations relative to the action of glycocoll on the blood level
obtained with the simultaneous administration of alcohol show that there is
no alteration, combination or destruction of alcohol by any action of the
glycocoll, but that alteration in the curve may occur, due to prolcnged
retention of alcohol in the stomach and correspondingly retarded absorption

When diluted co a constant concentration of 13% alcohol by volume, the
absorption rates of alcohol, Scotch, bourbon, gin, port and burgundy differ,
as reflected by the time required to reach maximum level in the blood.

This may be due to the presence of different buffering substances in the
beverage. When port wine is buffered to the same pH and acidity as alcohal,
there is an identical rate of absorption.

Serianni (18) in a study of blood alcohol concentrations resulting from
wine drinking according to dietary habits of Italians, noted that when wine
is taken with the meal the peak blood alcohol concentration is reached
appreciabiy sooner than when wine is taken on a fasting stomach. When
wine is taken in the fasting state, the peak blood alcohol level is approxi-
mately twice the level obtained when the alcohol or wine is given during the
meal; the effect of a meal on the blood alcohol concentration lasts for four
hours.
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Fasted dogs receiving five diluted beverages (alcohol, canna, grappa,
cognac and whiskey) on different occasions are reported to have all showed
similar blood alcohol curves independent of the beverage used or the
dilution which it is administered,

The rate of absorption of alcohol in man is generally less following the
drinking of beer as compared with the ingestion of a strong liquor. The
maximum blood level at low doses can be decreased by nearly 50%.

The presence of disease states may influence the rate at which alcohol
is absorbed, thus influencing the resulting blood alcohol levels. Persons
suffering from achlorhydria or gastritis will have different rates fromnor-
mal persons. A study of alcohol distribution ir 40 cachexic patients with
severe metabolic disturbances of a lipophilic dystrophy type indicates that
maximum levels occur much sooner than in normal subjects. The rates of
metabolism are also more rapid. The results of these investigations should

be kept in mind when predicting former blood levels from a single analysis.

In an evaluation of effects of malnutrition on rate of oxidation of alcoho),
returned prisoners of war with both dry and wet dystrophy received, while
fasting, a beverage consisting of a 33% alcohol solution. Absorption was
delayed and a series of peaks appeared in the curve. Irregularities are
explainable by diffusion of alcohol into the edema fluid or into pathologi-
cally changed tissues in general, perhaps due to changed permeability of
capillaries, Oxidation proceeded at a normal rate but the blood alcohol
values were so irregular that conclusions for forensic purposes could not
be drawn and extrapolation could not be made with respect to blood alcohol
concentrations in the path or the amount of alcohol ingested. Absorption of
alcohol into the blood was delayed in 1many cases.

The speed with which certain amounts of alcohol are drunk determines
in part the shape of the alcohol curve. This has forensic significance as
regards the possible maximum concentration reached and its duration.

It is generally acceptea that sympathomimetic drugs given peritoneally
or orally delay absorption of alcohol from the alimentary tract and post-
pone intoxication; that parasympathomimetic drugs tend to enhance the
absorption of alcohol from the alimentary tract. A series of tests of sub-
stances influencing the sympathetic and parasympathetic nervous system,
reserpine (a central sympathetic inhibitor), atropine (a peripheral para-
sympathetic inhibitor), and hexamethonium (a ganglionic blocker) produced
no effect on the absorption rate. Chlorpromazine elevated the blood alco-
hol level above that expected, but did not do so for other substances ab-
sorbed in a manner similar to ethanol. Elevation of the blood alcohol level
in rabbits and man taking this drug is interpreted as being due to an inhibi-
tion of metabolism of the substance, not to the rate of absorption. Among

other things, change in the sympathetic tone incidental to emotional states
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may influence the gastric motility, and thus the rate of absorption of alco-
hol. Psychological factors leading to distaste cause a slower absorption
with a higher and later maximum blood alcohol level. Warm beverages
are absorbed more rapidly than cold. Performance of tasks of concentra-
tion may result in lower levels of blood alcohol. Cortisone, simulating
stress situation, has no apparent effect on blood alcohol concentrations.

Delaunois {19) reports an increased rate of absorption of alcohol given
intragastrically to dogs following application of either external or internal
heat.

Summarizing these effects, it may be concluded that as absorption
through the stomach wall represents only a small percentage of the total
intake of alcohol, it is evident that anything which increases gastric
motility and stomach emptying time and the passage of alcohol into the
intestine will have a marked effect on alcohol absorption.

Absorption from the Bladder

In studies evaluating the ante mortem diffusion of alcohol through the
mucosa of the bladder, it appears that the equilibrium between the blood
and urine alcohol concentrations may be established by direct passage of
alcohol through the mucosa of the bladder, that alcohol passes through the
muacosa of the bladder more readily from the blood to the urine than from
the urine to the blood, and that alcohol may be lost from the urine through
the mucosa of the bladder if the concentration in the bladder is disprop®r-
tionately greater than in the blood. In the postmortem event, diffusion of
alcohol through the mucosa of the bladder can also occur, but only when
there is a great disproportion between the alcohol concentration in the
blood and urine.

Absorption from the Skin

Absorption of alcohol through intact human skin is generally considered
to be negligible. In experimental situations in which subjects have been
treated with external applications of 95% solution for nine hours, no detec-
table blood levels have been achieved, when care has been taken to avoid
inhalation. However, when a tincture of iodine is applied to shaved,
wounded and treated skin of animals, a blood alcohol level of as great as
.06% may result, indicating percutaneous absorption may be brought about
by this procedure, and that alcohol can reach mezasurable levels in the
blood following medical manipulations of this type.
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Absorption from the Respiratory Tract

Alcohol vapors can be absorbed through the respiratory tract, and
fatal intoxications occasionally occur. Severe alcohol intoxication observed
in children whose extremities had been maintained in orthopedic prepara-
tion containing 95% alcchol, is due to inhalation of vapors, as indicated by
the absence of any significant quantities of alcohol in volunteers who were
not allowed to inhale the vapors. When subjects breathe air containing
alcohol in a closed system, 62% of the alcohol in the inspired air will be
absorbed, irrespective of the concentration or the rate of ventilation.
MacLeod (20) found that the mean intoxication threshold of ethyl alcohol
vapors in the air is 0.20% as measured by a failure of rats to pass a desig-
nated coordination test. Administration of dexedrine did not alter this
threshold, but a raising of the threshold could be accomplished by gradual
increase of the air alcohol concentration.

Treon (21) reports narcosis to occur at concentrations of 0.64% after
12 hours exposure, while death is reported at 1.27% for 21 hours exposure.
In breweries the concentration of alcohol in the air varies between 0,004
and 0.075%, while in taverns with poor ventilation the level does not exceed
0.06%. These concentrations could not provoke a positive alcohol reaction
in normal individuals; however, in individuals treated with tetraethylkiuram
disulfide (TETD), a level above 0.10% is probably unsafe.

Absoxrpntion by Other Routes

.

Alcohol injected intrathecally in spinal paraplegics results in detectable
levels in the blood within 5 to 15 minutes when alcohol is placed not higher
thar. the 10th thoracic vertebra.

Distribution

Once alcohol is absorbed within the body, it is distributed throughout
the organs and tissues in proportion to the fluid content. It appears both
extra- and intracellularly. The partition ratio between air and the body
fluids is vastly in favor of the latter. As determined by Harger (22) the
partition ratio of alcohol between air and blood ranges with temperatures
from . 035 to . 562; that between air and water from .092 to .703; and that
between air and urine between . 080 and .590. Alcohol distribution in the
tissues of rats 30 minutes after oral administration gives the following
values for the different tissues, expressed in terms of the blood as 100:
Liver 68.7, heart 41.8, brain 21.1, spleen 71,6, kidney 65.2, pancreas
41.0, muscle 37.0, bone 18.8, gonads 46.9, and lungs 58. 2.
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Equilibrium between the blood and all tissues in the body as estimated
from the shape of the blood alcohol curve, occurs approximately 60 minutes
following intravenous administration, regardless of the rate. Following
equilibration, muscle contains 80% of the alcohol present in the plasma,
and the fat only 20%. Alcohol determined in various fractions of blood after
centrifuging shows uniform distribution between the erythrocytes and
plasma within 15 minutes after ingestion. Up to 70 minutes following
absorption, the alcohol level of capillary blood averages 7. 5% above that of
venous blood, and may be as much as 15 to 22% higher.

The ratio of the concentration of alcohol in serum to that of whole blood
may vary in the same person. However, in vitro the ratios are constant
following the hematocrit values. The alcohol concentration therefore fol-
lows the water content of the tissues, a point which is of considerable sig-
nificance when dealirg with cadaver blood. Determination should be made
on total blood, rather than serum or plasma. The ratios of saphenous to
heart blood 60 minutes after ingestion of alcohol in amounts of 1 to 4 gm/kg
body weight, averaged .99, and the femoral to heart blood ratios at 30
minutes averaged .89. This data indicates that there is no great lag in the
alcohol level in the peripheral venous blood as compared with arterial blood.

Since the concentration in the brain is of importance in me dicolegal
cases, the question of the distribution between this tissue and body fluids
used for analysis becomes important. The level of alcohol in the brain,
peripheral blood and heart blood 10 minutes after oral administration shows
different blood-brain ratios, being relatively . 88 for saphenous, 1,24 for
heart, and 1.19 for brain blood. Since blood for intoxication tests is usually
taken from a peripheral vein, samples drawn soon after drinking may yield
low values for estimated brain alcohol. Ratios of alcohol concentration in
the cardiac blood to brain blood in a series of coroner's cases vary from
.88:1 to 1.52:1. This is interpreted as representing various states of
absorption. In a series of police-suspect drunken driving cases, alcohol
concentrations determined simultaneously in the urine and blood show a
ratio of 1,21:1 with a range of .69:1 to 1.71:1. Spinal fluid and jugular
blood both closely follow brain alcohol levels. Since these specimens are
impractical to obtain in living men, saliva alcohol levels have been recom-
mended by some in evaluation of brain levels, since they follow the latter
closely.

Analysis of different portions of the brain of mice administered alcohol
in doses of 3 gm/kg and sacrificed at varying periods up to 3 hours there-
after, show a blood brain alcohol content for the telencephalon of 1. 45; the
diencephalcn 1. 83; the mesencephalon 1. 83; the cerebellum 1. 81; and the
medulla oblongata 2. 35, It may be concluded that the variation in the alcohd
concentration depends upon the blood supply rather than the water co..tent,
based on water analysis of the cerebral tissue.
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Duration of anesthesia produced by alcohol in normal rabbits has been
found by Susumu (23) to be directly proportional to the concentration in the
brain, and inversely proportional to the concentratior. in muscles. In the
alcohol-habituated rabbit there is a shortening of anesthesia, a decrease of
alcohol concentration in the brain, and an increase in concentration in the
muscles. The ratio of alcohol concentrations in other tissues, including
the kidney, liver, lungs and fat, is not influenced by alcohol habituation.

Purposefully induced emesis and blood-letting is reported to increase
the blood alcohol level by .01 to .03%, Partial exsanguination produces
irregularity in the blood alcohol curve in rabbits, and it is interpreted by
some, though not necessarily correctly, that this procedure causes a loss
of oxidative processes. In contrast to these results, experiments conduct-
ed in man to evaluate the effect of whole acute blood loss on the alcohol
level indicate that loss of from 4.5 to 8. 7% of the total blood volume (up to
500 ml) has no significant influence on the rate of distribution or elimina-
tion and should not be considered as an influencing factor in the forensic
interpretation of blood alcohol tests.

In a study of the effect of shift of body water and blood on the blood alco-
hol curve, a decrease in the amount of circulating blood results in a steeper
decline in the blood alcohol curve, and conversely, an increase in the
amount of circulating blood causes the blood alcohol curve to flatten out.
From this it has been concluded that short segments of the curve are not
indicative of the rate of metabolism of alcohol and that interpretation and
extrapolation from the blood alcohol findings must be docne with caution.

Gruner (24) reports an alteration in disappearance rates of alcohol from
subjects during a period of no movement in comparison with periods of
violent exercise, which he relates to a shift in the amounts of blood and
water in the orthostatic position. A decrease in the amount of circulating
blood is followed by an increase of alcohol in tissue water. Since similar
conditions occur in a state of collapse, fluctuation of the blood alcohol
curve may be expected in persons in shock.

Determination of the concentration of alcohol in various organs and
fluids of human cadavers indicates that the concentration is inversely pro-
portional to the fat content and directly proportional to the water content
and vascularity of the tissue, with the notable exception of the liver. The
content of bone marrow and subcutaneous fat is very low, even in cases of
fatal alcohol intoxication. Prag (125) reports blood-brain alcohol ratios in
10 cadavers as varying between 1 and 1. 3] when death occurred less than
12 hours before the test. Diffusion of alcohol in various concentrations
from isolated stomaclis submerged in water or saline solutions indicates
that the usual diffusion laws apply to stomach wall for at least 40 hours
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after death. The quantity diffusing in 40 hours amounts to between 49 and

100%, from an 8% solution, and between 17 and 63% with a 33% concentra- >
tion. The significance of this finding relates to the possibility of alcohol

diffusing into the stomach wall to the heart post-mortem.

The diffusion of ethyl alcohol in human cadavers has been demonstrated
by a number of investigators, including Huber (26),based on samples taken
from various portions of the body 24 to 72 hours after the original deter-
mination. While blood alcohol concentrations may not change, they may be
altered from .22 to . 48%. Administration of 300 cc of 33% alcohol into the
stomach of six human cadavers during a period of 12 to 40 hours after death
results with time in a diffusion of alcohol into the heart blood, while blood
from the lower extremity remains unchanged. Inanother experiment, when.
100 cc of 15% alcohol was placed between the stomach and the diaphragm of
cadavers, an increase in alcohol concentration registered in the heart blood
in one-third of the cases. An increase in the alcohol concentration in the
pericardial fluid up to . 3% was found in two-thirds of the cases.

In a series of examinations made at the San Francisco Coroner! s office,
blood samples obtained on autopsy from the heart and femc ral vein showed
differences in approximately 10% of cases, ranging between .03 and .09%.

The variation is dependent on the time lapse between drinking and death, v
and death and autopsy. Based on the above, it is highly desirable that
alcohol values should not be determined, for forensic purposes, from the
heart blood of cadavers if there is any alcohol left in the stomach after
death. Alcohol passes more rapidly into the aqueous humor of the eye than
any other body fluids.

The alcohol content of chyle may be much less, equal to, or greater
than that in blood, depending upon the fat content of the chyle and the time
after ingestion. In general the concentration of alcohol in the bile is
reported as reaching higher levels than that in the blood, though reaching
this level at a later time and remaining elevated longer. Further, patients
with liver cirrhosis and infectious hepatitis are reported to have lower
alcohol bile levels than the normal subjects. Alcohol injected directly into
peritoneal fluid of patients with ascites gives a high ascitic fluid alcohol
curve immediately, which falls precipitously while the blood alcohol curve
remains low and horizontal.

Excretion

Excretion is relatively unimportant in terms of the total quantity of
alcohol which disappears from the body. The amount is generally about 2%
and rarely exceeds 10% of the total quantity absorbed. While alcohol is
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found in the tears, saliva, feces and perspiration, the body excreta con-
taining the major quartity are breath and urine. The breath rarely con-
tains more than 2 mg of alcohol per liter, and while hyperventilation
results in a marked increase in the percent of alcohol leaving by this route,
in comparison with normal, the total quantity in the breath is small in
comparison with the quantity metabolized per unit time. The quantity
excreted in the urine is similarly small. The urinary level reflects the
blood level and in moderate drinking does not exceed 0.2%. While increas-
ed elimination of alcohol by massive intravenous infusions of physiological
salt solution has been reported as successful in the treatment of acute
alcohol poisoning in dogs, the procedure is with little merit in the treat-
ment of human acute intoxication. We must conclude that because of the
small quantity of alcohol excreted by any route, any therapeutic attempt
aimed at increasing the elimination of alcohol is of little or no effect. After
large doses, rabbits excrete ethanol as a glucuronide, the amount of con-
jugation rising with the increasing dose. The compounrd is excreted only
for the day following dosing.

Metabolism

The metabolism of ethyl alcohol has been the subject of many studies,
not the least of which has concerned the question of the formation and
tissue levels of endogenous alcohol. McManus (27) found between 23 and
145 pg of ethyl alcohol per 100 gm of liver, kidney, heart and skeletal
muscle obtained from rats and from rabbit liver. He established the
identity of ethanol by excluding other possible reactive substrates and
determined the quantity of acetaldehyde which might be expected to be
formed. The contribution of intestinal bacterial to the production of
endogenous ethyl alcohol was eliminated through feeding rats a diet supple-
mented with bactericidal agents and comparing the liver alcohol found in
this group with that of animals fed an ordinary diet. In a further study of
its origin, labeled ethanol was obtained from labeled pyruvate incubated
with liver slices under anaerobic conditions. Hecksteden (28) reports
that the '""normal' alcohol content of the blood of subjects before and after
exercise was less than .007%. Endogenous alcohol in horse muscle was
found to be .0048%. This is increased by autolysis at 38° to a maximum
of .03%.

Though there is considerable disagreement in the literature regarding
the occurrence of endogenous ethanol, there 1s no disagreement as to the
relative unimportance of this particular contribution to the economy of the
body, since all assumed it must be trivial. Most chemical tests for blood
alcohol at this level are inadequate, and the finding of presumably endo-
genously formed ethanol is generally an artifact. It has been concluded by
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Lester (29) in a review of the literature, that ethanol as such, and not
another volatile reducing substance, does occur in human beings and other
mammals, and that it is formed endogenously and not as a result of bacte-
rial fermentation in the intestinal tract. The concentration may vary with
the individual and it may be increased in a number of ways, notably by
hypoxia associated with high altitudes or in decompression chambers by
decreased partial oxygen pressure.

While previous levels of endogenous ethanol have been stated as lying
between 20 and 30 mg/liter of blood or serum, recent determinations made
by gas-liquid chromatography indicate a maximum of 1.5 mg/liter as
determined by analysis of alveolar air. Direct determination of the concen-
tration of ethyl alcohol in rat liver by gas-liquid chromatography gives a
value of 9 mg/kg in contradistinction to one-tenth these values when intra-
peritoneally equilibrated nitrogen is used in the living animal, It is sug-
gested that this formation of alcohol may take place during handling of
tissues. The possible role of endogenous ethyl alcohol in the theory of the
etiology of alcoholism appears to be excluded by identification of these
minute quantities.

The route of metabolism of most primary alcohols follows oxidation of
the OH group to an acid. In 1943 Dewan (30) demonstrated that the brain
contained an alcohol oxidation system, and that acetaldehyde and acetic
acid were products of this oxidation in vitro. Liver has a similar system
and both require nicotinic acid and riboflavin. The liver is evidently the
main site of primary oxidation, but the central nervous system is capable
of performing the function to a lesser degree.

Bartlett (31) made the following observations as regards the metabolism
of alcohol using radioactive alcohol. Rapid conversion to CO, occurs with
peak activity from 1 to 5 hours after ingestion; 90% of the alcohol is
accounted for as CO, within 10 hours after ingestion of even large quantities.
No difference is noted in the rate of oxidation between control and habituated
animals. Others using C14-tagged alcohol also demonstrated that alcohol
commences to be metabolized in vivo immediately, without any latent
period, and subsequent plateau formation indicates an equilibrium between
the speed of formation and elimination of CO,.

Serial alcohol and acetaldehyde concentrations measured during a pericad
of 10 hours showed molar ratios of the two substances at a maximum dis-
crepancy to be approximately 104:1 one hour after ingestion, and to decline
to 15:1 as alcohol levels fell. Acetaldehyde appears to have no effect in
itself on the rate of metabolism of alcohol.
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Using heavy hydrogen as an index and the in vivo acetylation of sulfona-
mide drugs, Bernhard (32) demonstrated the formation of acetic acid as an
intermediate production in catabolism of ethyl alcohol.

Incorporation of tagged ethanol into glycerol and glycogen was demon-
strated by Schiller (33). The glycerol was found to be labeled on a terminal
carbon by ethanol which was tagged on the l1-carbon and on the middle, as
well as end carbons by ethanol tagged on the 2-carbon. Glucose and glyco-
gen were both more heavily labeled on carbons 1, 2, 5 and 6 than on 3 or 4.
These data support the postulation that glycerol and glycogen are labeled
following incorporation of ethanol in the TCA cycle, with decarboxylation
of oxalacetate to pyruvate, a reversal of glycolysis.

A number of excellent reviews have appeared on the subject of the rate
of metabolism, including that of Newman (34) in 1947. Different species
metabolize alcohol at different rates, the cat doing so more rapidly than
the rat, which is faster than the dog. The rate in mg/kg/hr for the rat is
270 mg as determined by changes in blood concentration, and 293 mg as
measured by analysis of the carcass after a given elapsed time. Using
tagged alcohol, no difference in metabolism rates was demonstrated in
animals habituated to 10% alcohol and non-habituated animals. Rates ob-
tained indicated that 14.7% of the dose disappeared per hour with a mean
utilization rate of 294 mg/kg/hr. Based on cumulative CO, recoveries,
however, the rate becomes significantly lower in animals previously
treated with alcohol, and it has been concluded that some alcohol is utilized
by other than main oxidative pathways in the habituated animal.

Considerable differences of opinion exist as to the effect that the tissue
concentration exerts on the rate of disappearance. Marshall (35) was not
able to obtain a constant rate of disappearance of alcohol from dogs admin-
istered between .5 and 1 gm/kg of body weight orally. The alcohol plasma
concentration varied greatly from dog to dog as well as in the same dog at
different tirnes, with a maximum utilization rate of . 30% per hour which
later fell to .17% per hour. At high levels the rates of disappearance were
rather more consistent. At low concentrations, however, as with other
drugs, the rate of disappearance from the plasma becomes proportional to
the amount present. Nelson (36) utilizing constant injection of alcohol in
dogs, concluded that the rate of alcohol metabolism is not conditioned by an
initial concentration of hepatic alcohol, and no relationship could be found
between rate of metabolism and rate of injection. There was, however, a
mean daily variation in the same animal which approached 40%, the reason
for which was not discovered. Eggleton (37) states that the metabolic rate
of alcohol is directly dependent upon the concentration in the body and is
raised about 30% for every 100 mg% increase in plasma alcohol concentra-
tion. Cutting (38) has held that there is a definite relationship between dose
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and the rate of ethyl alcohol metabolism, a 40% increase in the latter
resulting from an increase in blood alcohol concentrations of . 15%.

When mice are given exceptionally high doses of alcohol, the rate of
metabolism as determined by the quantity in their blood and in their whole
body seems to be greater at one-half hour than at three hours. This effect
is true whether the alcohol is given by mouth or vein, or whether the ani-
mals were fasted. When lower doses are given, the metabolism rate is
essentially indistinguishable with time. Based on this work the inference
has been made that the normally constant oxidation rate in this species may
be influenced by certain circumstances relating to the high concentration of
alcohol reaching the liver, and that estimated maximal rates of oxidation
are low.

Utilizing an alcohol dose range in vivoin rabbits of from . 064 gm/kg to
4.5 gm/kg, there occurs an increase in the rate of oxidation per kg per
hour up to 2 gm, after which the rate levels off from 2.5 to 3 and starts on
the decline. In animals starved between 24 and 120 hours, the peak is
reached at 1.5 to 2 gm, but the decline starts at 2 gm/kg. It has been sug-
gested that the effect of fasting is due to loss of liver enzymes necessary
for alcohol oxidation. It would seem, however, that even with the concen-
tration of alcohol used and with a possible 30 to 40 % reduction in alcohol
dehydrogenase, there would still be ample enzymes to maintain the rate.

The rate of metabolism of alcohol by mice at the end of one hour is
625 £ 160 mg/kg/hr, and at the end of three hours is 598 £ 91 mg/kg. The
rate appears to be linear during this time.

Most of the disagreement of linearity of rate revolves about low levels
in the blood. Loomis (39) established through a constant infusion technique,
that in dogs primed with alcohol to give levels of . 02 to .04%, 3 mg/kg per
minute are required to maintain the blood alcohol level at the priming dose
figure, irrespective of the blood level. Allowing for the many variations in
experimental design, it appears that the rate of utilization does not depend
on the concentration and is essentially linear, but that it may vary from
individual to individual and from species to species.

In an effort to clarify the effect of habituation, Newman (40) allowed
dogs access to 10% alcohol as the only source of fluid. These dogs con-
sumed 5. 52 gm of absolute alcohol per kg of body weight per day, and thus
metabolized alcohol at the rate of 230 mg/kg/hr. When additional alcohol
was infus2d intravenously at a constant rate, the metabolic utilization in-
creased by a factor of 30 mg/kg/hr in excess of the maintenance dose.
Newman concluded from this work that the maximum daily consumption of
alcohol by a man of average weight is represented by a quart of 100 proof
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liquor, that estimates greater than this are in error, and that this con-
sumption can be achieved only by maintaining the blood alcohol concentra-
tion at a high level.

Other investigators utilizing a self-selection procedure in which groups
of rats were divided into high and low consumers of alcohol depending on
their average daily intake, and subsequently challenging the animals with
radioactive tagged alcohol at doses of 0.5 to 3 gm/kg, could not detect any
differences in the rate of oxidation of drinkers and non-drinkers, or
betweern different strains. The maximal oxidation rate was 300 to 400
mg/kg of body weight per hour, and occurred at levels of ingestion of from
2 to 2.5 gm/kg of body weight. The rats voluntarily selecting the alcohol
were consuming up to 4 gm of alcohol per kg per day. Total alcohol con-
sumption, particularly in those consuming large amounts, approximated
the maximum capacity of the animal to oxidize alcohol during the entire
day. A change in rate of alcohol oxidation with change in blood concentra-
tion was not demonstrated even at this high level of alcohol dosage.

In man the average utilization rate is equivalent to a drop in the blood
level of 0.018% per hour. Variations occur within the range of 0.01 to

0.025% per hour. The rate of disappearance at very low alcohol levels is
of the order of .01%.

In limited studies Wilson (41) notes a difference in the rate of metab-
olism of alcohol at different times of the day. These variations were
related in part to diurnal body temperatures, principally to food intake,
but not to sleep itself. He concluded that the time of day may be important
in the study of the metabolism of alcohol or its effects.

The effects of various disease siates, chiefly those involving the liver,
have been studied as regards the utilization of alcohol. Only 1 of 10 alco-
holic patients with cirrhosis of the liver showed an abnormal alcohol curve
following ingestion of 0.6 cc of alcohol per kg of body weight. The alcohol
curve in the ascitic fluid rose slowly, crossed the alcohol curve after two
hours, and remained above it thereafter. Diabetic patients administered
ethyl alcohol alone or with sodium acetate by intravenous injection at a
constant rate did not differ in respect to the guantity of alcohol excreted in
the urine or as regards the rate of alcohol utilization, whether patients
were controlled by insulin or not. Neither did this group differ in utiliza-
tion rate when compared with a group of normal subjects. Blood alcohol
concentrations in healthy subjects and ir patients with various diseases
after the administration of alcohol, indicated no cssential difference in rate
of disappearance in the presence of thyroid disease, diabetes, anemia or
hepatitis. In contrast to these findings, Bernstein (42) measuring alcohol
utilization in healthy patients, those with mild and those with rare acute
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liver disease, found the mean rate to be 107, 102 and 91 mg/kg/hr. respec-
tively, In healthy subjects the administration of fructose increased the
metabolism rate by 24%, but in subjects with severe hepatitis by only 9%.

Experimentally a marked decrease in the rate of disappearance of alco-
hol from the blood of rats with abstructive jaundice produced by common
bioduct ligation was ubserved as early as 24 hours after jaundice had set in.
Destruction of the central part of liver lobule of rats by the administration
of carbon tetrachloride does not seem to have any influence on the rate of
oxidation of ethyl alcohol in vivo. A select necrosis of the most peripheral
parts of the liver lobule as produced by phosphorous, decreases the rate of
alcohol metabolism to about half of that prevailing in the intact rat. This
clearly suggests that the peripheral portion of the liver lobule participates
more actively in the oxidation of alcohol than does the central portion.

The effects of various physical factors on metabolism rate of alcohol
have been observed. Mosinger (43) determined the rate of oxidation of
alcohol directly through successive blood alcohol determinations and indi-
rectly by measurement of oxygen in output of respiratory quotient. He con-
cluded that alcohol disappeared from the blood 50% faster in persons work-
ing at 38° C than at 21° C. These results are generally in conflict with
information obtained by other experimentalists, who report no significant
effects due to temperature. Persons administered alcohol and subjected to
moderate to strenuous exercise showed an hourly utilization rate of 0.019%
in comparison with their control value of 0.013%. The conclusion relative
to this study was that physical work accelerates the metabolism of alcohol,
providing the work is of considerable duration, though loss through perspir
ation and the breath may contribute also.

It has also been observed that the rate at which alcohol disappears from
the blood may be lower in persons living in a cold climate, and is less
among undernourished persons at work.

Whole body irradiation of 1500R did not alter the metabolism rate of
ethanol in mice. The rate of disappearance of alcohol from the blood stream
is not altered following experimentally administered trauma to the cranial
vault. Newman's (44) observations on human subjects who were given alco-
hol and then convulsed by 60 cycle alternating current revealed no evidence
of metabolic acceleration, and it may be concluded that electrically induced
convulsions are not effective in significantly influencing the rate of alcohol
metabolism in man.

Elevation of body temperature produced by diathermy does not signifi-
cantly alter the oxidation rate of alcohol administered to dogs. On the other
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hand, dinitrophenol in doses unsafe for human use moderately increased

the loss of alcohol from the blood, independently of the final body
temperature.

A number of chemical agents, some unrelated to many associated with
the normal biochemistry of the body, have been examined with regard to
their influence on metabolic utilization of alcohol. The drugs acetophenet-
idin, acetanilid, aminopyrine, aniline, and para-aminophenol were admin-
istered to rats in doses of 200 to 800 mg/kg in order to determine whether
there was any tendency to delay the oxidation of ethyl alcohol. Only
acetophenetidin had any effect. The rate was depressed, but significantly
so cnly in doses of 400 mg and above, and provided it was given at least
one hour before the alcohol. If given 18 hours before, the effect was less
consistent or no effect was observed.

Pentobarbital decreases the rate of utilization of alcohol in dogs intra-
venously administered a dose of 1 gm/kg as a 10% solution. The reduction
average is between 4 and 18% and cannot be attributed to the decrease in
body temperature or the decrease in elimination of alcohol through the
lungs and kidneys. It also affects the hour to hour, but not the day to day,
variability in the rate of alcohol utilization.

Amphenone, an agent which profoundly affects metabolism and particu-
larly the activity of the adrenal glands, results in an increase in adrenal
weights and the total quantity of adrenal cholesterol and prevents the usual
reduction in cholesterol content after challenge with alcohol. Amphenone
feeding does not influence either the severity or duration of alcohol intoxica-
tion, or the rate at which alcohol is reduced in the blood.

Daily oral administration of carbutamides for periods up to two weeks
has no effect on the rate of disappearance of alcohol from the blood of dogs,
nor does it increase blood acetaldehyde after test doses of alcohol. Admin-
istration of chlorpromazine, promethazine and pethidine intraperitoneally
does not influence absorption of alcohol from the gastrointestinal tracts of
rabbits, but it does delay oxidation of alcohol over a period of three hours.
There is potentiation of the effect by cold. Chloroprophenpyridamine, pro-
banthine and Dormison have no effect on the rate of alcohol metabolism in
rabbits,

In experiments during which dogs receive acetaldehyde intravenously or
accumulate higher levels by TETD administration, no increases are noted

in the rate of metabolism of alcohol. In some cases these procedures may
retard it slightly.
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3-Amino-1, 2, 4-triazole, which is effective in reducing hepatic catalase
activity in vivo as well as_in vitro in dogs, rats and mice, has nc effect on
the rate of ethanol metabolism. It may be concluded that hepatic catalase
does not play an important role in ethanol metabolism in these species.

A number of agents have been advertised as capable of exerting a sober-
ing-up effect on intoxication by lowering the blood alcohol. One of these
called "Contra' or "Stop' was tested in a-number of subjects and the rate
of elimination was found to vary between the normal range of .01l and
.024%; it is concluded that this drug could have no effect.

Delaunois (19) demonstrated an increased utilization of alcohol in dogs
administered 7 mg/kg of dinitrocresol, but not 3 mg/kg, while external
heat had no effect on the rate of elimination. Fasted male dogs receiving
alcohol intravenously and tri-iodothyronine in amounts of . 33 mg/kg had
no significant difference in the rate of decline of alcohol from the blood
than control animals. Assays for liver alcohol dehydrogenase activity
revealed no increase when tri-iodothyronine was added to the homogenate.
However, there are clinical reports to the effect that 1-tri-iodothyronine
administered intravenously may produce a significant increase in alcohol
metabolism in man. The studies await confirmation.

There are considerable variations as to points of view regarding the
effects of insulin and carbohydrate metabolism on the disappearance of
alcohol from the blood. Clark (45) demonstrated that the rate of oxidation
of alcohol in animals is a constant and linear function of time, and that
glucose alone has little effect on the disappearance in well-fed animals. The
injection of insulin does increase the rate of alcohol oxidation during the
subsequent two hours, and various manipulations relative to the pancreas
and liver can reduce the rate of alcohol oxidation. Insulin injections can
return the rate to normal in pancreatectomized but not hepatectomized
animals. Johannsmeier (46) was unable to demonstrate any increase in the
rate of alcohol utilization in sheep by the administration of fructose, glu-
cose, pyruvate or diphosphopyridine nucleotide. Neither was the rate of
utilization increased in four human subjects given fructose. Pyruvate
values were increased by both fructose and glucose administration, but
much greater increase occurred after physical exercise, and on the basis
of enzyme kinetics he has postulated that fructose could not possibly elevate
the oxidation rate of ethanol.

When experimental situations are invoked where rats are given progres-
sively decreasing quantities of food, the metabolism of alcohol will stabilize
at about 75% of the original quantity. This occurs after 50 days. When
thiamine-deficient diets are offered, the weight of the animals does not
stabilize and the amount of alcohol metabolized during the specific time
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period of six hours continually decreases until death. The limitation in
alcohol oxidation may be related to both liver size and enzyme concentration
in the liver.

There are a few possible mechanisms whereby carbohydrates can speed
the rate of elimination of alcohol. These are the decrease of the dissocia-
tion constants of the ADH-DPNH complex, an increase of DPN concentra-
tion which results in the increase in the steady state concentration of the
ADH-DPNH complex, and oxidation of the ADH-DPNH complex by means of
an aldehyde that reacts with ADH. The average rate of alcohol elimination
is increased by 6% after glucose and 34% after fructose. With the latter
sugar, the third mechanism above may be responsible, since liver ADH
catalyzes the reduction of glycerylaldehyde to glycerol.

Gregory (47, 48) and others were unable to confirm these observations
and found that alcohol curves in dogs showed no influence of pyruvate.
Further experiments by this group indicated that insulin glucose or insulin
plus glucose did not increase the rate of metabolism of ethyl alcohol
experimentally in dogs. The question is raised whether the increased rate
of disappearance of ethyl alcohol from the blood of intoxicated men may not
be due to a non-specific effect of treatment with fluids.

Hulpieu (49) also re-investigated the possible role of pyruvate on alcohd
metabolism. He concluded that administration of pyruvate did not alter the
rate of decline of alcohol from the blood, regardless of the route of admini-
stration or of the fasting state of the animal. Further, sodium arsenite, an
inhibitor of the pyruvate oxidase system, had of itself no effect on alcohol
metabolism in vivo, as indicated by blood alcohol curves in animals. Fluc-
tuations in the rate of disappearance from the blood may represent varia-
tions in local blood supply rather than differences in oxidation rates. At
low levels of alcohol infusion Stuhlfauth (50) reports that levulose does
affect metabolic rate, but the following substances have no effect: ascorbic,
pyruvic, glutaric, and oxalacetic acids, lactoflavin, adenotriphosphate,
cytochrome, diphosphopyridine nucleotide, vitamin B, or pantothenic
acid.

Metabolism rates varying between 271 and 512 mg/kg/hr were reported
in normal rats when rnaintained on protein-free diets; there was a decline
in rate to approximately one-half, while animals fasted for 48 hours showed
a mean rate of disappearance of .017% from the blood stream, a value of
approximately one-third that in the normal rat., Administration of diphos-
phopyridine nucleotide and sodium pyruvate in amounts of 20 mM /kg
increased the utilization rate, but a similar increase was noted after injec-
tion of saline. Hypophysectomy and adrenalectomy increased metabolic
rates inconstantly. The rate of oxidation between doses of 1 and 2.5 gm/kg
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is fairly constant and the amount of alcohol dehydrogenase is not the sole
limiting factor in the rate of oxidation. The rate of alcohol disappearance
from the blocd stream of normal dogs is .02% per hour. This rate is un-
affected by oxygen, carbon dioxide or added pyruvate as indicated by
Kinard (51).

The ultimate metabolism of alcohol into carbon dioxide is reported as
inhibited by administration of pyruvate or acetate to rats. Thiamine defi-
ciency also decreases the rate of utilization by approximately 16%. Pre-
treatment with niacinamide prevents the inhibition by pyruvate and acetate.
Correlating these findings with other observations relative to the reported
decrease in alcohol metabolism by human subjects given sugar and alcohol,
in comparison with alcohol alone, it is concluded that the effects of pyruvate,
acetate and glucose represent a competition for DPN, since this coenzyme
is also required for oxidation in the tricarboxylic acid cycle.

Normal rats administered 20 mM pyruvate of acetate have a decreased
rate of alcohol oxidation as indicated by radioactive CO, formation, indi-
cating that inhibition is at the first stage of oxidation to acetaldehyde. Also,
the disappearance of alcohol from the blood is delayed, indicating that the
inhibition is at the first stage of oxidation to acetaldehyde. Large amounts
of niacin given prior to the pyruvate prevent the inhibitory effects of that
substance. The inhibition cf pyruvate is decreased in the presence of
thiamine deficiency, which suggests that the inhibition is due to competition
for the coenzyme DPN, that the coenzyme preferentially reacts with TCA-
cycle intermediates rather than alcohol oxidation products when the DPN is
available in limited amounts.

Whittlesey (52) reports that pyruvate in the quantities of 1.25 or 2.5
mM /kg does not affect the rate of alcohol metabolism while 5 mM increases
it approximately 18 to 22%, whether animals were pretreated with pento-
barbital or were not anesthetized. Alanine given in equal molar doses
affects the rate of alcohol metabolism similarly.

Early experiments by Westerfield (53] indicated that in dogs there was
an increased disappearance of alcohol from the blood in the presence of
pyruvate, but that excessive pyruvate did not increase the disappearance
beyond a maximum rate of about .02% per hour. He equated variations in
disappearance from the blood with the pyruvate supply. Likewise
dl-alanine produced an increase in the rate of alcohol metabolism which
was equated to conversion of this substance to pyruvate. The theory was
then proposed that the acetaldehyde resulting from alcohol oxidation under-
goes condensation with pyruvate to form acetonin. Later Westerfeld (54)
while studying the coupled oxidation-reduction of alcohol and pyruvate in
vivo, determined that following administration of pyruvate during alcohol
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metabolism there occurs an alteration in the metabolism relationship
normally existing between pyruvate-lactate and alcohol-acetaldehyde. The
lactate and acetaldehyde are relatively increased at the expense of alcohol
and pyruvate. He concluded that dogs are able to metabolize acetaidehyde
much more rapidly than it is being formed from alcohol, and that the
slowest reaction in alcohol metabolism therefore must be the oxidation of
alcohol itself to acetaldehyde. The pyruvate effect is due to increasing

the rate of this oxidation. He also demonstrated that the rate of disappear-
ance of acetaldehyde from blood is not appreciably different, whether or
not alcohol was being metabolized at the time of its administration. Lactate
subsequently administered did not increase the rate of alcohol metabolism
appreciably. Other carbohydrate intermediates and hormones affecting
their metabolism have been the subject of much research. Loomis (39)
demonstrated that administration of sugar with or without insulin has no
effect on the metabolism rate, nor does pre-treatment with TETD.

The rate of disappearance of alcohol from the blood of 21 alcoholic
patients prior to treatment with insulin, glucose and ''bettalin' was com-
pared to the rate after treatment. An increase of 9.9% was reported dur-
ing treatment calculated on the basis of the percent of alcohol present.
This seems to be of questionable significance. Klein (55) reports that
fructose ingested simultaneously with alcohol causes a marked increase in
the oxidation rate of the latter; other sugars or foods did not cause the
same effect.

In counterdistinction to the experience of most investigators, Dontcheff
(56) developed data which indicated that in rats the type of diet affects the
rate of oxidation of alcohol. Carbohydrate diets tend to increase, and
fatty diets decrease this rate. Insulin, adrenalin and thyroid affect the
oxidation rate in different directions. Clark and Hulpieu (57), following the
rate of disappearance of alcohol from the blood stream of dogs, interpret
their results as indicating that infusion of fructose definitely increases al-
cohol disappearance rate, that intravenous insulin results in an equivocal
increase, and that dextrose, pyruvic acid and insulin plus dextrose have
little or no effect. Six days of starvation caused no marked change in the
rate of alcohol metabolism in dogs, nor was there a change in the rate of
utilization by liver homogenates from this species.

Newman (58) has reviewed the effects of insulin on the rate of metabo-
lism of ethyl alcohol and recorded differences of , 019% per hour with
alcohol alone, .023% per hour with insulin, and .023% per hour withinsulin
plus glucose., He concludes that insulin does produce a statistically signifi-
cant increase in the rate of alcohol metabolism either alone or in combina-
tion with glucose, and that this effect varies in some degree from test dog
to test dog and from time to time.
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Since Castex (59) has 1reported that intravenous succinic acid in amounts
of 125 to 300 mg/kg rapidly alleviates alcohol depression and concurrently -
reduces blood alcohol levels, the experiments were repeated by Hulpieu
{60) in animals receiving single administrations, a similar dose divided
over short periods of time, and by continual infusion. Under none of these
conditions was it possible to demonstrate any effect on alertness or change
in the rate of alcohol metabolism. It is suggested that the discrepancy
might be due to a state of unequilibrium in Castex's animals with diffusion
of alcohol into the rest of the body. The decrease of alcohol from the blood
stream of normal pigeons is . 017% per hour; this increases to .025% per
hour when the animal is fed a high carbohydrate diet. Production of
thiamine deficiency to the point of opisthotonus does not alter the decline of
alcohol. In three dogs made thiamine deficient, blood pyruvate and lactate
became elevated and administration of 25 cc of 55% alcohol orally resulted
in a subsequent decrease in blood pyruvate accompanied by a further in-
crease in blood lactate. After thiamine treatment, alcohol caused a
parallel fall in both substances.

Gluco-corticoid preparations, adrenocorticotropic hormones, predniso-
lone and cortisone have not beem demonstrated to affect alcohol metabolism
in dogs receiving repeated intravenous infusions, in subjects administersd
alcohol in test situations, or in the treatment of patients admitted with N
acute intoxication. However, without statistical validation the impression
has been received that there occurs a compensation in psychological altera-
tions when these materials are administered, and that there follows a more
rapid recovery of the acutely intoxicated person.

Jervis (61) has suggested that viatmin C plays a role in the metabolism
of alcohol based on a slower rate of utilization in vitamin C-deficient
guinea pigs and a lowering of the lethal level. These studies are open to
question, based on the small number of animals used.

Alcoholic patients administered alcohol orally and either glucose,
emulsified fat or amino acids intravenously, exhibited different rates of
alcohol metabolism as measured by the height of the blood alcohol curve
and the time for alcohol to disappear from the blood stream. The latter is
less in the group receiving amino acids, though in all groups the rate of
decline of alcohol from the blood does not differ from the controls. In a
parallel experiment, when amino acids in the form of Amigen or Aminosol
were administered intravenously one hour following the imbibing of alcohol,
the disappearance rate was accelerated.

Rice (62), reporting on 600 post-operative surgical patients who had
received 60 cc of 98% alcohol in 1000 cc of fluid together with 5% amino
acids and 5% glucose, states that at a constant rate of administration the
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blood alcohol levels ceased to maintain the same rate of increase as was
observed during the first hours of administration. He concluded that
alcohol given intravenously increases the caloric demand, thereby causing
a more rapid metabolism of circulating alcohol.

Alcoholic patients free of other pathology or nutritional deficiencys when
administered 4 oz of whiskey by mouth and glucose, emulsified vegetable
fats or amino acids intravenously, have different maximum blood alcohol
levels. The amino acid treatment reportedly affected the rate of alcohol
metabolism by lowering the peak of maximum blood level significantly and
by hastening the time to reach zero alcchol concentration.

The previous reports have dealt primarily with the intact host. Now
let us consider the observations made on isolated tissues and enzyme
systems. In 1938 Leloir (63) reported on metabolism of ethyl alcohol in
animal tissues, indicating that pigeon liver oxidizes less alcohol than rat
liver, and that in the latter species the amount oxidized is lowered by fast-
ing. Oxidation is inhibited by a number of chemicals including cyanide,
iodoacetate, fluoride, arsenate, fluoradazine, malonate and oxalate.

2, 4-dinitrophenol increases utilizition of low concentrations and decreases
it at high concentrations. Also, in vitro butyric, beta-hydroxybutyric,
ascorbic acids, glycine, ornithine, ammonium chloride and insulin, exert
no action, while glycerin slightly depresses alcohol oxidation.

Dewan (64) demonstrated that preparations made from the brains of
various animals so as to contain the catalytic system minus diphospho-
pyridine nucleotide, did not metabolize alcohol; however, when this materi-
al was added, brain extracts took up oxygen readily. He concluded that
vitamin B, was a component of the alcohol oxidation system acting as a
hydrogen carrier between reduced diphosphopyridine nucleotide and cyto-
chrome system. He concluded that this system probably acted as a detoxi-
cating or protective device, and that alcoholics who had poor nutritional
intake and were subject to vitamin deficiency, particularly of the B complex,
were likely to have alcohol reach the brain in higher concentrations and
remain there for a longer period of time,

There is a dichotomy of opinion as tc the role that catalase plays in the
physiological oxidation of alcohols. Some investigators imply that all
alcohol oxidation passes through the catalase-hydrogen peroxide system.
Theorell (65) concludes that most, if not all, catalase action is peroxidatic,
but that while ethyl alcohol is probably oxidized by alcohol dehydrogenase,
methyl alcohol is attacked by catalase. Jacobsen (66) interprets the cata-
lase data to indicate that about one-fifth of ethyl alcohol and all of methyl
alcohol are oxidized by catalase. After reviewing all factors, Bertlett (67),
based on the above conclusions and data of his own, has hypothesized that
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alcohol dehydrogenase medicates the first step in the metabolism of both
methyl and ethyl alcohol, but that catalase does not participate in this
metabolism.

Burbridge (68, 69) has shown that a number of tissues, including
muscle, brain, heart, lung and kidney, as well as liver, can utilize ethanol
as a substrate. He found no utilization by blood. Most investigators
believe that liver is the major if not the sole organ responsible for alcohol
metabolism in vivo. Rat liver homogenates incubated with tagged radio-
active ethyl alcohol showed utilization of 10 to 50 mM of alcohol in two hours
with production of 6 to 35 mM of acetaldehyde. Addition of DPN enhanced
the rate of alcohol disappearance with acetaldehyde accumulation, indicat-
ing DPN-dependency of both a.etaldehyde formation and utilization. Addi-
tion of folic acid at 3 x 107 M completely inhibited ethyl alcohol metabol-
ism, as did aminopterin. The effect of the latter two substances would
seem to be due to binding of thio linkages in the alcohol dehydrogenase.

Livers taken from fasting rats and from those that are fed, have dif-
ferent in vitro rates of ethanol metabolism. However, the addition of
dipliosphopyridine nucleotide restores in part the decreased utilization
rate of the fasted rats. DPNH re-oxidizers such as methylene blue and
ferrocyanide also increase alcohol oxidation rates. In fasted animals both N
pyruvate and alanine increased the rate. Liver and kidney tissues taken
from rats treated over a number of days with insulin did not utilize alcohol
at a greater rate, nor was the conversion of the carbon fragments into
lipids any different from that of non-treated animals., JB-516 showed an
inhibition of ethanol metabolism by rat liver slices, though chlorpromazine
and iproniazid were without effect. Cat liver utilizes alcohol at the rate of
between 4 and 6 mg/min/100 gm of liver, and varies directly with the con-
centration of alcohol in the perfusion fluid. Alcohol at .02% or higher in an
incubation medium depresses glucose output of liver slices and glycogen
syithesis of isolated diaphragm. The glycogen content of the liver, and
hence the glucose output of liver slices, is depressed in rats fed 15% alco-
hol in their drinking water for three to six months, and the glucose uptake
of isolated diaphragm is similarly depressed.

Three pathways of alcohol metabolism have been demonstrated utilizing
C - tagged alcohol in vitro, namely conversion to COZ’ to fatty acids and
to cholesterol. This may occur with liver, kidney, diaphragm, brain and
lung slices. In these experiments no substrate was added to the incubation
medium, which ranged in alcohol concentration from .006 to .25%. Liver
slices converted from 11 to 26% of ethyl alcohol to CO_, 1.2 to 4.5% to
fatty acids, and a maximum of 1, 4% to cholesterol. 1dney slices converted
17 to 29% to CO,, but only a small amount to fatty acids, and nc radioactiv-
ity was detected in the cholesterol. Lung also oxidized small quantities of
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alcohol to CO, and did convert a small amount into fatty acids. Diaphragm
was able to convert only a small amount to CO, and none to fatty acids or
cholesterol. There was no evidence of metaboism by brain since glucose
is necessary for the uptake of alcohol. The finding of no oxidation of ethyl
alcohol by brain is most likely due to experimental conditions. Oxygen con-
surnption of the cortex medulla, cerebellum and brain stem and that of the
immature brain of rats, were all decreased by alcohol as measured in a
Warburg apparatus at a concentration of 6% alcohol. The effects of alcohol
acidity and of alcohol plus acidity, and the oxygen consumption of excised
rat cortex indicate that concentrations of alcohol as high as 3.2 M produce
an increase in oxygen consumption, while concentrations over 3.6 M cause
a decrease. Increase in the acidity enhanced the inhibiting action of alcohol
on oxygen consumption.

Ethyl alcohol has no effect on the ratio of oxidative phosphorylation to
oxygen consumption (P/O) in rat brain mitochondria. Acetaldehyde, how-
ever, is effective in lowering this ratio in concentrations equivalent to
those observed in man during the TETD-alcohol reaction. This depressing
action at low concentrations applies only to the system utilizing pyruvate-
fumarate as substrates. TETD in concentrations having no effect on mito-
chondrial phosphorus uptake can act synergistically with effective acetalde-
hyde concentrations.

The concentration of alcohol apparently influences the rate of uptake by
brain and liver. Cosubstrates influence the uptake of alcohol by rat brain,
glucose being the most effective. Acetaldehyde uptake is only slightly in-
fluenced by alcohol, while its presence decreases ethyl alcohol metabolism.
Both pyruvate and acetaldehyde decrease the uptake of alcohol by human
brain tissue. It is possible that there are regional as well as species dif-
ferences. The rate of metabolism in the liver plateaus at approximately
. 26%, while brain does not show any appreciable metabolism until . 1% is
obtained, and levels off at . 35%.

Based on failure of artery and vein CO, and O, levels to be altered sig-
nificantly by patients in insulin shock who rece1ve(§ alcohol, Goldfarb (70)
concluded that the human brain does not oxidize ethyl alcohol to any appre-
ciable degree. This is in contrast to the in vitro results reported by Suther-
land (71) using human brain slices, and by other experiments in animals.

As indicated above, the first step in alcohol metabolism is conversion to
acetaldehyde. While the further utilization of acetald:hyde is not a rate-
influencing factor in metabolism of alcohol by the liver, it does appear to
influence uptake of ethanol by other tissues in vitro. Therefore, a few
observations on acetaldehyde metabolism seem pertinent.
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Administration of acetaldehyde to dogs results in the appearance of
alcohol in the plasma in concentrations between .4 and .9 mg%. If pre-
treated with TETD, the alcohol concentration may rise to 2 mg%. Optimum
acetaldehyde metabolism in rabbits as determined by perfusion experi-
ments, is about 2 mg/min., The rate seems to be constant, but the concen-
tration in the tissues required to metabolize the same amount of acetalde-
hyde in TETD-treated animals is higher than in untreated animals. The
capacity of the rabbit liver to metabolize acetaldehyde does not exceed 10
mg per 100 gm of liver. It has been established that TETD does not affect
alcohol metabolism, but only that of acetaldehyde. No significant differ-
ences are found in the acetaldehyde concentration of animals treated with
TETD in comparison with the controls. No production of acetaldehyde has
been observed in isolated livers or hind limbs of TETD-treated or un-
treated animals. It has been concluded that very little, if any, acetalde-
hyde is formed during normal metabolism, and alternate pathways in the
metabolism of acetaldehyde do not play a significant role.

Levels of acetylcholine and acetoin which occur in the brain during
acetaldehyde intoxication show a time-dose response. After three minutes
a moderate increase in the level of acetylcholine and a marked rise in
acetoin levels occur. Ten minutes later the acetylcholine elevation is still
apparent, but the level of acetoin is restored to control values. The same
is true at 30 minutes thereafter. Since acetoin has not been found to be
metabolized by brain preparations in vitre, its rapid decline is presumed
to be due to its removal from the brain and destruction elsewhere in the
animal. Symptoms of intoxication persist in animals treated with acetalde-
hyde, although brain levels of this substance are normal. It appears,
therefore, that symptoms of acetaldehyde intoxication are not due to ele-
vated levels of acetylcholine or acetoin. It has been suggested that the
effects of alcohol intoxication are due primarily to the presence of
acetaldehyde.

The iswer aliphatic alcohols, including ethyl alcohol, have been demon-
strated to have no effect in vitro on the coupling of oxidative phosphoryla-
tion in concentrations high enough to produce marked toxic effects in vivo.
This is in distinction to ethyl ether, which is capable of this uncoupling
reaction. It may be concluded that the failure of alcohol to affect importart
functions of the intracellular mitochondrial particles indicates that the
response to ethanol in the intact cell is probably elicited by its action on
the plasmatic membrane. In distinction, acetaldehyde has an effect on
phosphorus uptake at levels approaching those which exist in man during
the TETD-alcohol reaction. The activity apparent at this low concentration
which shows depressant activity to mitochondrial function, suggests a
relationship between this action and the narcotic effect of the compound.
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This is of particular significance in view of the known relationships between
ethanol and its breakdown to acetaldehyde in the course of metabolism in
the body.

Symptoms of acetaldehyde intoxication in animals are similar to those
of alcohol intoxication, though fractional doses given at 15 mninute intervals
in a total cumulative dose that would cause lethality, do not kill the animal.
Ten minutes after the last dose, the blood acetaldehyde concentration is
only . 07%.

Toxicologx

The toxicology of acute alcoholic intoxication has been referred to

riefly. The subject will be further expounded at this point, prior to dis-
cussing the role of other depressants of the central nervous system which,
frorn a practical standpoint, may be of significance in potentiating the
effects of alcohol. Four types of alcohol poisoning are encountered. These
are acute alcoholic intoxication, post-alcoholic coma, a syndrome associ-
ated with chronic cortical atrophy, and the acetaldehyde syndrome result-
ing from concurrent ingestion of alcohol and drugs which interfere with
acetaldehyde metabolism.

Serious acute alcoholic intoxication is characterized by a progressive
depression of all vital functions. The rate of respiration becomes mark-
edly slowed, sometimes not exceeding six per minute, There is a dilata-
tion of peripheral and splanchnic blood vessels and a progressive fall in
blood pressure. The cardiac rate is generally increased, and body tem-
perature becomes subnormal. Hypostatic pneumonia and increased intra-
cranial pressure occur after about 10 hours. Secondary infection may
compoicate the picture. The usual outcome is favorable if therapy is
instituted. This condition generally follows ingestion of a total quantity
of alcohol equivalent to 3.0 to 4. 0 cc/kg body weight consumed over a
short period of time.

In addition to this type of uncomplicated acute ethyl alcohol poisoning,
acute intoxication is a contributing or underlying factor in a large percent-
age of cases of svicide, homicide, trauma, poisonings, and medical and
surgical fatalities.

Lethal Levels

Linck (72) reported on lethal levels in 125 persons who died of alcohol
poisoning. These levels ranged between . 35 and . 50%. In the case in
which death occurs as a result of complications, such as suffocation or
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aspiration of vomitus, the levels were as low as .20 and .35%. Death
usually occurred eight hours after the last drink in cases withcut complica-
tion, and in as short a time as two to four hours in complicated cases. The
«mount of alcohol consumed varied between 200 and 1000 cc of 40 to 50%
alcohol, and Linck calculated that the lethal dose for man is approximately
3 gm of absolute alcohol per kg of body weight.

In examination of 84 fatalities in which all recognizable common causes
of death except acute alcohol intoxication were ruled out, Kaye (73) deter-
mined that the majority of blood alcohol levels at death were between .25
and .50%. Death did not necessarily occur at the peak concentration, based
on knowledge of survival time. Utilizing the standard rate of disappearance
of alcohol of.02% per hour, it was estimated that death was generally un-
avoidable if the blood alcohol reached .50% at some time during intoxica-
tion, and was probably due to irreversible and progressive injury to the
central nervous system. Reports from one medicolegal jurisdiction
indicate that levels of alcohol in the brain in fatal cases occurring in the
asphyxial stage of intoxication may be as low as .23% when other patho-
logical conditions such as coronary sclerosis are present.

Occasionally high levels of alcohol, in the blood are reported at death.
Kohn-Abrest (74) indicated that in approximately 40% of his cases, cadavar
blood alcohol concentrations exceeded .8%. However, lethal concentrations
of alcchol in the biood are usually accepted as . 5%. Jetter (75) examined
2000 cases in which antemortem blood samples were taken, and no inci-
dence was encountered in which death did not occur if the concentration
reached this level. In only three of these cases was the postmortem
alcohol concentration higher than .5%. In these cases death occurred soon
after the onset of coma. However, death may occur several hours or even
days after the onset of coma. When death occurs more than 24 hours after
the ingestion of alcohol it is unusual to find elevated postmortem blood
levels. Anatomical abnormalities at autopsy in most cases are non-specific
and inadequate in themselves to explain death. As previously reported, the
frequency of alcohol as a primary cause of death varies in different parts
of the world and at different times. An analysis of fatal alcohol poisonings
in Finland certified at postmortem examination between the years 1920 and
1949, showed that during the Prohibition years of 1922 to 1932 the death
rate from this cause was higher than in subsequent years. However, in
1949 it has increased five times from its pre-war level. These deaths
account for 43.4% of all accidental poisoning, presenting a rate of 1.76
deaths per 100, 000 of population.

In Massachusetts, on the other hand, during a 10-year period from 1928
to 1937, approximately 10% of all medical examiners' cases (8,661) were
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due to toxic substances. Ethyl alcohol caused more deaths than all other
toxic substances put together, being responsible for 52%.

The lethal dose varies only slightly among different species, but can be
affected by a number of experimentally induced factors. The lethal dose
of ethyl alcohol for dogs is 9.6 £ 1.6 ml of absolute alcohol per kg of body
weight. With few exceptions the animals die during the time the blood
alcohol concentration is declining. This is particularly true in animals
surviving longer than 12 hours, and in these cases there is a progressive
decrease in blood pressure, resulting terminally in circulatory failure. In
the majority of animals, however, the intoxication is related to respiratory
failure., A number of biochemical and physiological changes are attendant
upon these doses and there is noted a hyperglycemia and an increase in
hematocrit, hemoglobin and plasma non-protein, with a decrease in blood
pH and sedimentation rate. Oliguria, and in many cases anuria, are noted
after the animals become comatose. Other investigators report that lethal
blood alcohol concentrations in dogs, guinea pigs and mice range between
.85 and 1.45% in the blood, with a mean of 98%. This is irrespective of
the type of beverage used and it is concluded that the congeners present do
not affect the toxicity of alcohol.

The effective concentration at respiratory failure in a series of fasted
rats was . 93% of alcohol, with extremes of .89 and 1.0% in the blood. The
concentration of alcohol in the blood, causing death, is the same for ani-
mals breathing oxygen and breathing air. However, inhalation of dilute
carbon dioxide caused a definite increase in the concentration of alcohol
required to cause death. In non-toxic doses caffeine, phenacetin, anti-
pyrine and aspirin were without effect.

The amyl alcohols are approximately 12 times as toxic as ethyl alcohol
for rats and dogs. The major metabolites of the primary amyl alcohols
are aldehydes. The secondary alcohols are converted to ketones which
disappear from the blood more slowly than the alcohols.

The average blood alcohol concentration causing death of dogs perfused
at a rate resulting in slow but gradual blood alcohol content, was .69%. The
age of mice is a determining factor on the toxicity of alcohol for that species
a significant difference existing between animals that are 4 and 6 months
old and those that are 12 and 24 months old.

Mortality varies somewhat with the concentrations of aqueous solutions
of alcohol used, being the greatest with 60% and less with other dilutionc
or concentrations. This phenomenon is explained on the basis of poor
absorption because of coagulation of the peritoneal surface, the material
having been given intraperitoneally. When 9.5% ethyl alcohol is consumed
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by mice in their drinking water for 19 days and the animals are then chal-
lenged intraperitoneally with a single dose of 48% alcohol, mortality is
decreased from 62% to 36%, suggesting an increased resistance in
habituated animals.

When measured on goldfish placed in an environment of an aqueous
solution of a series of alcohols, the butyl alcohols were found to be approx-
imately five times as toxic as ethyl alcohol, the propyl alcohols three
times as toxic, and the methyl alcohols one-half as toxic. Narcotic effects
generally followed the same order, though there was more variation in the
results.

The observations of most investigators lead to the conclusion that peak
toxic activity is reached at about the C6 level and declines thereafter.

Tissue Changes

Gross and microscopic findings are non- specific in acute alcoholic in-
toxication. The most constant pathologic changes are severe meningeal
and cerebral congestion, pulmonary edema, acute gastritis, visceral con-
gestion, and sometimes pancreatic necrosis. These changes are found in
other conditions, especially those characterized by anoxemia. A number of
specific changes have been reported in the nervous system of patients
exhibiting various syndromes associated with chronic alcoholism. Brain
taken from chronic alcoholics and examined at autopsy frequently shows
atrophy, notably in the frontal lobes. Microscopically there is an appear-
ance of neuronitis of the peripheral nerve fibers and a syndrome character-
ized by small foci with degenerative change in the vessel walls and sub-
acute necrosis of the parenchyma. These changes are probably due to
extreme depletion of B, and cverabundance of other vitamins. Lesions
found in acute alcoholic encephalopathy are similar to those which appear
with avitaminosis, starvation and malnutrition. A fair proportion of cases
showing signs of alcoholic encephalopathy during life have but few demon-
strable lesions in the brain, and these, therefore, may be due to vascular
or chemical changes in the nervous system.

Gross and microscopic examination of brains of 12 patients with
Wernicke's disease who were chronic alcoholics, showed changes identical
to those in pigeons suffering from vitamin B, deficiency. It was concluded
that angio-degereration with varicose deformity of the vascular bed is a
primary change. A case of primary degeneration of the corpus callosum
confirmed histologically was reported in a 67-year old chronic alcoholic in
1942, This was the second such case of its kind appearing in the medical
literature in America. It is suggested that this is due to a deficiency of the
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vitamin B complex. Cerebellar changes described as cortical or intra-
cerebellar atrophy, were repurted in five male patients with excessive
alcoholic intake, but without edema, pellagra or peripheral neuritis.

Action with Other Drugs.

The simultaneous ingestion of alcohol with other hypnotics, alcohols,
narcotics, or concurrent exposure to other toxic chemicals creates prob-
lems for the law enforcement officer regarding the necessity for apprehen-
sion and custodial care, and of diagnosis and therapeutics for the practi-
tioner. Under such circumstances, behavior may become markedly
deranged and the clinical picture confusing. A discrepancy appears to
exist between the level of alcohol present in the body fluids and breath,
and the degree of coordination, mental competence and physiologic depres-
sion. The question arises as to the possibility of synergism. Synergism
is defin-4 * ‘ber (76) as '"the cooperative action of discrete agencies
suc.. tha: the total effect is greater than the sum of the two effects taken
independently'. The terminology used by pharmacologists and practitioners
is not always clear in this respect. For our purposes we will distinguish
this phenomenon from potentiation, which we will consider as the situation
in which one agent shows no particular effect on a system, but exaggerates
the effect of another, and from addition, which connotes the sum of the
fractions of two independently effective doses.

The first materials to be considered are congeners, a number of which
have been found in alcoholic beverages. These include fusel oil, acids,
esters, aldehydes, furfural and tannins. These contribute principally to
taste and bouquet. Whether or not any of them are undesirable in terms of
hangover or other aftereffects is yet to be determined. in the evaluation
of their possible ef{fect cn the physiclogical action of alcohol, it has been
determined that respiratory failure occurs at about the same concentration
of blood alcoho! when any of 64 distilled spirits were administered to rats.
Wtile the amount of alcohol required io produce respiratory failure for any
one spirit was generally the same, the amount required of various spirits
was congiderably different in quantity. This suggested that the congeners
might have some effect on either excretion or the rate of metabolism. When
different spirits were used but the same amount of alcohol was giver, the
length of time required for the disappearance of alcohol from the blood was
greatest for the more toxic spirits and least with the less toxic spirits. It
was also noted that chemical treatment of various spirits to remove the

congeners, making them less toxic, also increased the rate of metabolism
of the alcohol.
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Methyl and isopropyl alcohols, especially the former, are consumed
with and appear as a contaminant of illegal alcoholic beverages. Poisoning
from methyl alcohol was especially common during the prohibition era and
during World War II. Both alcohols produce an effect on the nervous sys-
tem similar to that of ethyl alcohol, though methyl is somewhat less potent
than ethanol and isopropyl more potent. In addition, methyl alcohol pro-
duces a marked acidosis with signs of motor restlessness, clammy
extremities, diarrhea and symptoms of headache, vertigo, blurring of
vision and muscle pain more pronounced than the signs and symptoms of
inebriation. The specific toxicity for the optic nerve is characteristic.
Persons acutely intoxicated by methyl alcohol generally do poorly, though
there is some evidence that when ethyl alcohol is simultaneously consuined
the prognosis is somewhat better, due to the competitive displacement of
methyl alcohol from receptor sites by the ethyl alcohol. This serves as the
basis for Roe's proposed therapy of methanol intoxicaticn (5). Inebriation
from isopropyl alcohol is longer and more intense, due to the slower rate
of metabolism of isopropyl alcohol, its greater potency, and the fact that
its metabolite, acetone, is also mildly narcotic.

Methyl alcohol in amounts varying between . 001 and .01% were present
in 25% of a small series of medicolegal cases examined in France in 1949,
which compared favorably with its presence in 50% of the cases in 1948.
The interpretation is made that the liquor was improving in quality, since
the trace amounts of methyl alcohol could be considered as evidence of the
consumption of ‘‘bad spirits''.

Cerebral blood flow and metabolic ratio in persons intoxicated with

" methyl alcohol are lowered, and confirm the hypothesis that oxidative

processes of cerebral cells is impaired in this intoxication.,

Scrap iron is a term used to designate an alcoholic beverage containing
20 to 40% ethyl alcohol, 15 to 25% isopropyl alcohol and naphthalene. It
has a peculiar metallic taste, is cheap and highly intoxicating. Twenty-six
persons drinking this beverage developed an acute brain syndrome with
symptoms identical to delirium tremens. All recovered with an average
hospital stay of 8.6 days. However, five patients had a chronic brain
syndrome. The severity of psychotic manifestations is out of proportion to
the quantity of alcokol consumed. Itis concluded that prolonged drinking
of scrap will produce effects similar to alcoholism, but of a more severe
degree and within a shorter period.

The handling of the acute alcoholic during the excitement phase of his
intoxication poses problems, since the use of hypnotics and depressants
necessary to achieve control of the excited patient must be balanced against
the depression produced by the administration of additional sedatives to an
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already physiologically depressed person. Paraldehyde is an effective and
time honored agent in the control of the acute alcoholic. However,
Weatherby (77), commenting on the instance of death attendant upon the use
of paraldehyde in cases of acute alcoholism, concluded that there may be
some synetgistic effect between the two substances. Following administra-
tion of fractional doses of the LD__ of both paraldehyde and alcohol intra-
peritoneally in mice, he noted that when varying concentrations of these
fractions were given in a single combined dose, more than an additive
action occurred. When the two substances were given not in combination
but at varying sequential time intervals, there was a difference in mortality
if alcohol were given first, probably due to the more rapid elimination of .
paraldehyde in the reverse situation.

Two cases of sudden death following the administration of 10 and 40 cc
of paraldehyde respectively, to two alcoholics were reported in 1954. The
events were stated to possibly be related to potentiation by alcohol or to
aggravation from liver damage secondary to chronic alcoholism.

Steyn (78) has advised that paraldehyde should not be used in the treat-
ment of delirium tremens, based on his belief that though alcoholics are
more tolerant to the drug's sedative action, it may also act as an excitant
and aggravate the condition.

The barbiturates are unduly used and abused by alcoholics. They also
serve as a part of the therapeutic regimen for handling acute intoxications
in hospitals caring for these cases. Synergism between barbiturates and
ethyl alcohol has been demonstrated through a number of experiments.
These have included mortality and recovery time from hypnosis in mice,
reduction in the quantity of barbital required for anesthesia in: dogs, the
duration of anesthesia in rabbits, and the quantity of picrotoxin necessary
to antidote the depression. The minimal dose required to cause anesthesia
in these animals is marledly diminished by the presence of alcohol, and
anesthesia is definitely prolonged when the interval between alcohol and
barbiturate administration is reduced, despite approximately equal blood
alcohol levels. In addition, experiments on the relative analeptic activity
of picrotoxin also indicate synergism.

Synergism has also been demonstrated between each of six short-acting
barbiturates and alcohol, as demonstrated by signs and duration of intoxica-
tion in mice. The coefficient of synergism was highest for hexobarbital.
Responses at diminished doses of barbiturates and alcohol especially sug-
gest a synergistic rather than additive effect. Phenobarbital and alcohol in
combination are reported to produce symptoms of impairrment which zould
correspond to blood alcohol levels approximately 75% higher than the actual
ones.
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In contrast, Gruber (79), utilizing both short- and long-acting barbitu-
rates, and measuring sleeping time and mortality as an end-point, con-
cluded that there occurs no unpredictable distribution between the effects
of varying doses of alcohol and barbiturates which suggests synergism.
Other data on animals also support Grubei's conclusions. The matter
does not seem to be capable of finalization at present.

The question as regards synergism with tranquilizers also appears
unresolved. Utilizing sleeping time in mice after administration of various
doses of alcohol and of alcohol plus chlorpromazine, as a measure of
potency, it has been demonstrated that potentiation is apparent with small
doses of the tranquilizer druz. This procedure leads to prolongation of
sleeping time in the >rder of 500%. The duration of the chlorpromazine
effect is about 30 hcurs at 10 mg/kg, and is greatest 1.5 hours after oral
administration. Repeated administration of the test diminished the
potentiating action somewhat.

Employing a battery of tests to measure coordination and judgment,
Zirkle (80) demonstrated a difference in performance among patients
receiving alcohol sufficient to give a blood level of .05%, chlorpromazine
in amounts of 200 mg, and various placebos. Detriment in performance
was greatest in the test group having both alcohol and chlorpromazine.
Performance on high level tasks was reduced to a greater degree than per-
formance on low level tasks. Ratings of their own performance by subjects
correlated well with test results. Greater impairment from the combina-
tion of the drugs than from one taken singly, was recognized by subjects.
Based on this, Zirkle recommended that physicians who prescribed chlor-
promazine should warn their patient of the possible dangers attending even
moderate drinking. This may be dangerous when taking tranquilizers, due
to the higher blood level reached and the slower rate of metabolism of
ethanol, in addition to the synergistic depressant effects.

Administration of sublethal quantities of serotonin, tryptamine or dop-
amine 30 minutes prior to an hypnotic but nonlethal dose of ethanol,
induced mortalities of 83, 57 and 50%, respectively, as well as causing a
decisive prolongation in the sleeping time of survivors. Further, admini-
strations cf as little as . 06 mM of these substances, an amount which pro-
voked fzw somatic behavioral effects per se, when administered to micc
pre-treated with alcohol caused a marked potentiation of the latter's
narcotic action.

Chlorpromazine at 2 mg/kg, iproniazid at 10 mg/kg, and JB-516 at
3 mg/kg, all exerted potentiation of the depression caused by doses of
ethyl alcohcl in vivo. Chlorpromazine and JB-516 also caused a marked
lowering in the rate of alcohol clearance in the blood of dogs. Part of the
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effect of the phenothiazine type of tranquilizer appears to be due to its
effect on 2lcohol metabolism.

Betlheim (81) reported that it was possible to produce delirium and
hallucinations in 20 alcoholic patients under control conditions by the
administration of subnarcotic doses of hexobarbitone. The effects of the
drug included altered motor activity, infantile behavior, confabulation,
and delusions. He rendered the opinion that hexobarbitone increases sug-
gestibility of the alcoholic patient, and therefore the treatment of alcoholic
patients with barbiturates is at times inadvisable,

In conditioned response tests in rats, meprobamate, chlorpromazine
and pentobarbital all significantly potentiated the effect which alcohol alone
exerted on anxiety. Discrimination was significantly reduced by alcohol
alone, the same three drugs alone, and phenaglycodol. All four drugs also
significantly potentiated the effect of alcohol on discrimination. Alcohol
significantly decreased the ability to respond to stress. Meprobamate,
phenagly zodol and chlorpromazine (the latter having no effect by itself) all
significantly potentiated the action of alcohol in this respect. It may be
concluded that this potentiating effect of tranquilizers makes their use
undesirable by tnose persons ingesting alcohol.

Significant quantities of alcohol are found in approximately half of the
persons who die from accidental carbon monoxide intoxication, as judged
by this author's experience with 100 fatal cases. There is no reduction in
the percent saturation of hemoglobin in the alcoholic as compared with the
non-alcoholic cases. The role of alcohol, if any, seems to be to increase
the risk of accidental exposure through decrease in coordinated and
thoughtful behavior. Some investigators studying patients wno had suffered
acute carbon monoxide poisoning believe that after drinking, blood alcohol
curves will be higher by about 20% than curves of normal persons drinking
the same quantity of alcohol. Investigators also suggest that central
nervous system damage due to the monoxide exposure may account for
lowered alcohol tolerance. Bjerver and Goldberg (82) studied 11 subjects
who had residua from exposure to producer gas, a fuel for motor vehicles
used in Sweden during World War II, which contained 30% carbon monoxide,
and found that there was no difference in tolerance, rate of disappearance
of alcohol from the blood, distri’ ution in the body, or rate of oxidation, as
compared with normal unexposed persons. The authors maintained, how-
ever, that theoretically a severe head injury may lead to an alteration in
threshold or level at which intoxication from alcohol ingestion will appear.

In experiments evaluating chronic exposure, dogs which were repeatedly
administered alcohol by mouth to achieve concentrations of .15% and then
exposed to carbon monoxide at .01% by volume for six hours five days a
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week, showed no cumulative effects as measured by liver function tests,
electrocardiograms, or hemoglobin measurements.

Amidon by injection is reported to have potentiated the effect of alcohol,
the total concentration being .125%, with resulting death due to respiratory
paralysis. In animal experiments it has been established that the combined
effects of the drugs is additive and not potentiative.

Most of the data relative to the effect of narcotics has been derived from
animal experiments, since the narcotic addicts and the alcohol habitués
seldom resort to the use of the alternate drug. Based on the experience of
Naalsund (83), however, morphine is contraindicated after the ingestion of
alcohol since even therapeutic doses of morphine have been observed to
precipitate violent symptoms.

Mice administered alcohol orally and morphine subcutaneously exhibited
effects especially with regard to mortality, which showed that potentiation
occurred. The potentiation was more distinct with small than with large
doses, being approximately three times as great as expected with mortali-
ties of 10 to 25%, and less at higher concentrations. Mice treated with
combinations of various fractions of the LD5 of amidon and alcohol showed
additive and not synergistic effects. Clinica?ly, a young adult who had a
blood level of 32.5 mg died of respiratory paralysis. Synergism was

suspected.

Rats which had been exposed to alcohol for 15 hours and though in an
adaptive state, showed no visible effects of alcohol intoxication, but became
markedly so after receiving 10 mg of apomorphine. There was an accom-
panying shift in the direction of diminished excitability of nervous tissue as
measured by chronaxies.

The eéffects of alcohol in combination with a variety of other drugs and
chemicals has been reported. Wilson (84) advises that persons exposed to
carbon disulfide should not drink alcoholic beverages, based on the neuro-
toxic effects of the former substance. In a double blind randomized study
with 24 subjects, methapyrilene and 6.5 oz of whiskey had no potentiating
effect on the excitement or social disinhibition produced by alcohol. Adams

- (85) studied the comparative toxicity of chloral alcnholate and chloral
hydrate by determining the hypnotic potencies and acute and chronic toxici-
ties’ He concluded that there was no support for the impression that a
solution containing alcohol with chloral hydrate was particularly potent
because of the formaticn of an alcocholate. Pretreatment with ethyl alcohol
prevents the formation of trichloroacetic acid from trichloroethanol and
also inhibits the oxidation of chloral hydrate to trichloroacetic acid. It is
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concluded only that ethyl alcohol and these latter substances share a
common pathway of 1aetabolism.

Vasomotor symptoms have been reported to appear after the ingestion
of alcohol in persons previously treated with animal charcoal. This was
noted as early as 1917. The syndrome consists of deep reddening of the
B face and extremities and increased pulse rate, dyspnea and a decrease in

blood pressure without nausea or vomiting. The severity depends on the
i dose of both alcohol and charcoal. The dynamics of the sensitizing effects
4 are unexplained.
e

Isoniazid has been reported to cause severe intoxication by as little as
one bottle of beer, indicating an intensifying effect. An epidemic of epilep-
tiform convulsions is reported in a tuberculosis sanitarium among chronic
alcoholics given isoniazid. Caution is admonished regarding use of alco-
holics given isoniazid. Caution is admonished regarding use of alcoholic
beverages by persons on this therapy.

Rabbits administered alcohol and sodium arsenite all died in narcosis
within 20 hours, whereas the equivalent dose of arsenic by itself resulted
in recovery of animals within 90 minutes. It was concluded that arsenite
potentiates the toxicity of alcohol and increases its duration of action, but
that the effect was non-specific and due only to additive toxic effects.

_When adrenalin is administered before giving a significant dose of alco-
hol, the depressant action of the alcohol is greater. An increased perme-
ability of the vascular system has been suggested as an explanation. Other
explanations relate to the vasoconstriction of vessels in striated muscles
which reduces their blood supply and consequently results in a relatively
high concentration of alcohol in the blood reaching the brain. The dose of
adrenalin necessary to produce this effect is far greater than the amount
released under stimuiation or excitement.

Epinephrine administered to rabbits in amounts capable of physiolog-
ically altering the distribution of alcohol administered intravenously,
causes for a short time a condition in which the muscles of the animals
contain practically no alcohol. The concentration in their blood and brain
becomes extremely high. It is concluded that the "auxoneurotropic' action

' of adrenalin is explainable by alteration in circulation.

Y-Aminobutyric acid does not cause death or an increase in periods of
hypnosis in alcohol pre-treated mice. Alcohol is stated to cause reoccur-
rence of dinitrobenzene poisoning long after the disappearance of all symp-
toms, and persons working with these compounds are forbidden to drink
alcoholic beverages. The test has been used for diagnostic purposes. The
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mechanism of the toxidynamic effect of alcohol is not known. Dogs which
had received 1 ml of 98% alcohol per kg of body weight daily for four months
were not adversely affected by 10 mg of m-dinitrobenzene. Larger doses
of alcohol or longer periods of alcoholization produced varying results on
subsequent administration of m-dinitrobenzene. Additive effects of alcohol
and m-dinitrobenzene on the central nervous system have been demonstra-
ted in rats.

Agents Causing Unusual Responses

A number of drugs are known to produce disagreeable symptoms when
taken in combination with alcohol. Among the more common ones are cal-
cium cyanamide and tetraethylthiuram disulfide (TETD). The lethal dose
of the latter in animals is about 3 gm/kg. Sensitivity to alcohol produced by
a single dose of .5 gm of TETD may last three to four days, and 1.5 gm
will produce sensitivity up to eight days. As evidence of this sensitivity
there is a marked increase in ventilation, of the respiratory dead space,
and of oxygen consumption, a slight increase in cardiac output, and a
decrease in alveolar carbon dioxide. Accompanying this is a flushing of
the face, dilatation of scleral vessels, palpation, a ''bull-eyed' look,
vomiting and headache. These symptoms generally appear 7 to 12 minutes
after alcohol intake, become maximal after 30 minutes, and disappear in
one to two hours. While flushing is noted at blood alcohol levels of . 015
to .02%, pulse rate changes usually occur only above this level. The re-
action is accompanied by the formation of acetaldehyde in the organism in
greater quantity than when alcohol is ingested in the absence of TETD.
Similar effects are produced by the slow infusion of a 5% solution of acetal-
dehyde into the vein of human subjects to give a blood acetaldehyde level of
0.2 to 0.7 mg%. The syndrome, first described by Hald and Jacobsen (86),
has since been observed by hundreds of investigators and clinicians. The
maximum acetaldehyde level in the blood reached during an alcohol-
antabuse reaction is 660 pg% for mild reactions, and 1000 pg% with mod-
erate reactions. Generally the peak of the acetaldehyde curve corresponds
with the peak of the alcohol curve. When the dosage of TETD is kept con-
stant and the amount of alcohol varied between .6 and .4 gm/kg, the acetal-
dehyde concentration in the blood rises with an increase in the alcohol con-
centration. In animals the highest acetaldehyde concentration occurs when
the alcohol is administered about 12 to 18 hours after the drug. Because of
the occasional severe reactions obtained in the alcohol-antabuse test
demonstration, the procedure is advisedly carried out only at a hospital
and under strictly controlled conditions. The patient should remain under
observation for at least several hours after the reaction to alcohol has
subsided.
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TETD has been reported to have pharmacologic effects of its own in
addition to its sensitizing effects. These include a sedative effect,
decrease of insomnia, and alleviation of nervous and emotional tension,
but often itself leads to drinking. Up to 1 gm of body weight of TETD does
not significantly increase the sleeping time of mice administered 30 mg/kg
of thiopental. A prolongation of sleeping time is achieved in rats given a
similar dose of thiopental and half the dose of TETD. There may be a
difference not only between species, but also between strains of the same
species

The metabolism of TETD as investigated by means of radioactive sul-
phur, indicates that 10% of an ingested dose is excreted in the feces,
while the rest is absorbed. The greatest portion, about 45% of an ingested
dose, is excreted in the urine as free and esterified sulfate, only small
quantities of the unchanged drug being present. Metabolism of the drug
yields a diethyldithiocarbamic acid. Optimum therapeutic levels are
between 0.5 and 1 mg of TETD per 100 ml of plasma.

Blood perfused through livers taken from animals pretreated with TETD
give high acetaldehyde levels when alcohol is added, reaching concer¢--
tions of 4.5 mg%. The inkibitory effect of TETD on acetaldehyde d
genase of liver is reversed by low concentrations of reduced glutath.c...,
and by high concentrations of ascorbic acid. The affinity of the enzyme
protein to TETD is approximately 350 times its affinity for acetaldehyde.

The enzymatic oxidation of 2-amino-4-hydroxy-6-pteridylaldehyde was
observed to be markedly retarded in vitro by the absence of as little as
.06 pg of TETD per ml. Reduced TETD had no inhibitory effect, indicat-
ing that the -S-S linkage constitutes the inhibiting part of the molecule.
The inhibition zppears to be of 2 competitive nature.

Biochemically the antabuse reaction is explained by fixation of antabuse
to the aldehyde oxidases in the liver. For this reason oxidation of acetalde-
hyde formed during alcohol metabolism is delayed, with a subsequent in-
creased acetaldehydemia. Biochemical alterations accompanying the
TETD reaction include a decrease in pH in both arterial and venous blood
and a fall in arterial CO2 of 3 to 8%; acetaldehyde levels may reach 1,58
mg%. TETD has a far-reaching inhibitory effect on respiratory enzymes,
approaching in vitro that of cyanide. Oxygen uptake by homogenated rat
liver is decreased 85%. The effect of TETD on the toxicity of various
aldehydes is varied. There is no increase in mortality from a combination
of TETD with acetaldehyde, acrolein or crotonaldehyde, a slight increase
with butyraldehyde, and a marked increase with formaldehyde and
propionaldehyde.
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Fujiwara (87) reports that in habituated rabbits alcohol reaches a higher
maximum more rapidly in the blood stream and disappears faster than in
non-habituated animals. Moreover, prleeatment with TETD causes a still
higher maximum through a delay in alcohol oxidation, both in habituated and
non-habituated animals. L

In addition to TETD, other drugs and chemicals have been observed to
increase the acetaldehyde level after alcohol ingestion. These include bone
charcoal, Atabrine, chloramphenicol, trichloroethylene and amincpyrine.
Doses producing comparable degrees of sensitization are 1 mg/kg for
calcium carbamide, 5 to 10 mg for TETD and 120 to 125 mg/kg for animal
charcoal. Vegetable charcoals and purified animal charcoals do not have a
sensitizing action. Increased blood acetaldehyde occurs in dogs and man
administered animal charcoal. The ingredient which is responsible for
sensitization is unknown. It is heat sensitive. In a search for drug with
TETD activity, Boyd (88) examined over 70 agents unsuccessfully except
for tolazoline.

The hypoglycemic sulfanilylureas, carbutamide, tolbutamide and chlor-
propamide, all reproduced intolerance to alcohol in doses from 65 to 250
mg/kg. The vasodepressor phase of blood pressure of cats injected with
acetaldehyde was greater by an avefage of 16 mm in the presence of these
agents. The response to epinephrine was ur.changed, however. Glucose in
amounts sufficient to correct hypoglycemia can reverse the carbutamide-
induced potentiation of the hypotensive phase. Cardiovascular changes
seemed to be caused by interference with some glucose-dependent function
which is affected by tolbutamide but not by insulin, and it does not seem to
be related to an adrenergic blocking mechanism. In one instance, n-Butyr-
aldoxine, a constituent of ink used in color printing, produced an unpleasant
response among employees of a printing plant when they drank aleoholic
beverages. On examination it was found that the acetaldehyde blood levels
were elevated by this substance and that this level was further markedly
elevated after the ingestion of alcohol.

Occasionally unusual responses to TETD have been reported when alco-
hol was not ingested. These have occurred following massage with rubbing
alcohol and after ingestion of vinegar which was partly ''fermented", TETD
has minor effects in combination with other members of the anesthetic and
hypnotic drugs. Fifty rabbits receiving 0.5 gm/kg of TETD 16 hours before
anesthesia and subsequently anesthetized with nitrous oxide, cyclopropane,
pentothal, procaine, ether and Avertin, failed to show an increase in
acetaldehyde levels.

TETD produced a potentiation of paraldehyde-induced sleeping time at
the dose of 50 mg/kg of body weight, ard also raised the blood paraldehyde
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level in dogs. In part, prolongation of hypnosis is attributable to retarda-
tion in the rate of paraldehyde metabelism. This may be an indirect effect,
since acetaldehyde levels are also elevated and there may be an equilibrium
between the paraldehyde and acetaldehyde.

TETD has been reported to potentiate the duration of action, but not
the depth, of anesthesia produced by barbiturates, though there is a con-
siderable variation from animal to animal and from species to species.
Inhalation anesthetics, since they do not take place in the metabolism of
the organism, do not share this potentiating effect, and in the case of man

no potentiating effects of barbital anesthesia have been reported with TETD.

However, in chloroform anesthesia, there is an increase in acetaldehyde
levels, presumably due to the small traces of alcohol present as a stabiliz-
ing agent in this anesthetic. It is recommended, therefore, that whern
Pentothal, chloroform or Trilene anesthesia is administered, increased
percentages of oxygen and intravenous drip of glucose and ascorbic acid
should be used in patients on TETD therapy.

On chronic congestion TETD is reported to give an incidence of fatigue
in 36% of the cases, drowsiness in 11%, indigestion in 12%, headache in
8.5%, vertigo in 8.7%, and decreased potency in 9.7%. More side effects
in texms of sensation of heaviness in the head, memory al terations and
apathy occur with TETD than with calcium carbamide. A toxic confusional
state with depressional features has been reported in two patients on TETD
therapy. A rare complication of TETD therapy is polyneuropathy. The
disorder which developed in six patients over a 12-month period was
believed to be due to interference with absorption and utilization of essen-

tial vitamins. Symptoms invariably disappear on the discontinuation of
the medication.

Linden (89) reported on a severe reaction to TETD. The patient suf-
fered a severe heart attack, convulsions, became comatose, and required
hospitalization. Five verified cases of death following TETD-alcohol re-
actions were reported in Finland in 1957. In one case the TETD was felt
to be a primary toxic substance. Four unexpected deaths among 11, 000
patients treated with TETD have been reported ii. Denmark after 3-1/2
years' use of this drug. None of the patients who died showed any evidence

of liver damage. It may be that death resulted from factors quite apart
from the treatment.

Electrocardiographic tracings taken in a healthy 35- year old man with
a negative physical history and no signs of organic disease during a TETD
reaction, showed evidence of supraventricular tachycardia with slurring of
T-2, depressed RST-3 and inversion of T-3. These signs suggestive of
cardiac ischemia indicate the need for caution in the use of TETD.
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Amaral (90) further reports hemiplegia and motor aphasia of several days'

duratior during an antabuse reaction. Furtago (91) reported circulatory 1
collapse and death of a patient who had undergone an antabuse reaction and

at autopsy cerebral hemorrhages were found. Six percent of the electro-
cardiograms taken in a series of patients, examined by us, receiving TETD

therapy and undergoing an antabuse reaction test showed significant EKG {
changes. In two of these the changes were suggestive of myocardial i
ischemia in one of the shifting sinus and nodal rhythms in which no P waves

were evident. Several severe reactions occurred, with a fall of diastolic

pressure to less than 50 in one-third of the patients. In one case the blood

pressure dropped to 60/0 and was unobtainable for 10 minutes. A definite
myocardial infarct occurred in a male patient, aged 45 after he drank nine

ounces of ale containing 5.7% alcohol. Cardiac decompensation appears to

be a contraindication for the use of TETD. The drug should never be

administered without the knowledge and consent of the patient.

Numerous antidotal procedures have been empioyed in a study of suit- 5
able therapeutic measures for aborting or ameliorating the TETD-provoked
reaction, and for possible clarification of the machanism of action. Iron
injected intra-venously in amounts of 13 mg in an iron preparation called
"Fercoscorbin'' can exert such an effect on antabuse-alcohol toxicosis. It
will cause the disappearance of visible symptoms in two to five minutes . &
when present, and can postpone the onset of the reaction if given prior to
the administration of alcohol. The mechanism is thought to be due to the
formation of a difficultly soluble complex of iron with antabuse. The reap-
pearance of symptoms and their subsequent abolition by further injections
is not entirely clear, though Jokivartio (92) postulates that the entire
quantity of iron is immediately available to combine with antabuse when
injected after alcohol is taken, while if injected some time before alcohol
ingestion, the iron may become bound in the organism in some different
manner before it reaches the antabuse. '

The antidotal effect of iron on the TETD-alcohol reaction was further
investigated by Christensen (93), who showed through manometric record-
ing of blood pressure in dogs that an increased acetaldehyde level in the

. blood and doses of 1, 1-epinephrine produced similar efiects. The sympa-
thomimetic action of acetaldehyde could be verified by reversal with an
adrenergic blocking agent.

The action of both TETD acetaldehyde and 1, 1-epinephrine is to prolong
the vasodilating phase, and it is assumed that the action of TETD is to
alter the response of specific sympathomimetic receptor cells to acetalde-
hyde or l-epinephrine. Intravenous injection of iron salts reverses the
phase of prolonyed blood pressure fall in the absence of elevated blood
acetaldehyde levels. This is explained by the assumption that TETD
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combines with the iron, thus eliminating its action on specific vasodilating
receptor cells of the syinpathetic system, without affecting inhibitory action
of TETD on the oxidation of acetaldehyde.

Ferrous chloride and ascorbic acid, either alone or in combination, do
not affect the concentration of acetaldehyde in the blood. This indicates
that the rapid disappearance of the toxic effects caused by TETD and alco-
hol as mediated by the subsequent administration of ferrous chloride, is
not due to the concomitant disappearance of acetaldehyde. One to two grams
of ascorbic acid administered intravenously has no effect on acetaldenyde
concentration in the blood during a TETD reaction. It has been reported,
however, to have a favorable effect on subjective symptoms such as head-
ache, palpitation, apprehension and weakness.

Administration of 1% methylene blue intravenously in amounts of 1 to
20 cc had no effect on the TETD reaction as determined by changes in
cardiac rate, blood pressure, conjunctival injection, or flushing. It may
be concluded that if xanthine oxidase is inhibited by TETD, either methylene
blue in the given dose is unable to overcome the inhibition, or xanthine
oxidase is not of major importance in acetaldehyde metabolism in vivo.

A non-specific reversal of the TETD reaction by vitamins has been
demqnstrated by Greenberg (94), as measured by de_cgeases in the blood
acetaldehyge. Nicotinamide was active at 1.64 x 10 "M but not at
1.64x 10 "M. Other vitamins, pyridoxine, riboflavin, thiamine, folic
acid and ascorbic acid, produced the same picture in reats.

Oxygen inhalation abolishes the hyperventilation in TETD reactians,
suggesting that the response is due to irritation of the chemoreceptors in
the carotid body. Nicotinamide and adenine have been reported by Lecoq
(95) to prevent a severe reaction provoked by alcohol in patients treated
with TETD.

A number of procedures have been instituted in an attempt to antagonize
the depressant effects of al cohol and to hasten the return to normal behav-
ior in intoxicated persons. Analeptics are moderately effective as regards
the grosser aspects of drunkenness, providing the degree of depression is
not great. They are ineffectual or much less effective in restoring the
impairment in coordination, judgment and altered behavior. Amphetamine,
caffeine, pentylenetetrazol, and ephedrine all may restore an unconscious
patient to consciousness; however, unless the doses are repeated there is
generally a rapid relapse. In carefully controlled studies dexedrine and
caffeine had no effect on the impairment in balance, hand steadiness,
flicker fusion or EEG tracings produced by alcohol intoxication, and these
agents are not practical antagonists of the central depressant effect of
ethyl alcohol in man.
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Fructose has been studied extensively and it is reputed to both increase
the rate of disappearance of alcohol from the blood stream and to restore
impaired cerebral metabolism. Berg (96), evaluating the possible sober-
ing effect of levulose, concluded that while the depression in skill second-
ary to alcohol ingestion could be reversed in part and a subjective feeling
nf sobering up could be elicited, clinical effects of levulose were unpleas- A
ant and in spite of a lowering of the blood alcohol curve and a decline in
degree of intoxication, the compound should not be recommended as a
sobering up agent. The dosage needed to produce results has very un-
pleasant effects, the sobering up effect is of short duration, and the lower-
ing of tae blood alcohol concentration is not sufficient to warrant the
dismissal of the patient.

Neither alcoholic patierts nor normal male subjects administered
alcohol in doses of between .5 and 2 gm/kg showed any improvement in the
performance coordination or dexterity tests after intravenous injection of
0.5 to 2. 0 gm of pyridoxine hydrochloride. The effect of this substance on
alcohol intoxication is minimal.

The question of tolerance to alcohol is discussed in the section on the
effects of alcohol on the nervous system.

Iv -
EFFECTS ON THE NERVOUS SYSTEM

Men long ago learned to drink alroholic beverages as a bracer to cloud,
and therefore mitigate, anticipated siresses or impending experiences,
and as a hypnotic to disorganize or blunt neurotic anxiety. No drug has
been used to an equivalent extent on Western civilization. The qualitative
effect of alcohol on the central nervous system is a matter of wide human
experience. Quantitative assessment, on the other hand, is an extremely
difficult procedure, not well performed even by experimentalists, and dif-
ficult of interpretation. While the literature abounds with such reports,
they are largely fragmentary, contain too few subjects, lack adequate con-
trols, and are poorly designed. Carpenter (97) reviewed the effects of
alcohol.on some psychological processes and pointed out that as regards
reaction time, little has been contributed since the elaborate analysis of
the subject made in 1940 by Jellinek and McFarland (98); that as regards
the sensory phenomena, most of the experiments represent shallow excur-
sions into the field and - e relatively uninspired; and with regard to the
intellectual functions, p. esent experiments are not satisfactory by virtue
of the very naturc and difficulty of assessment of intellectual functions.

¥
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In measuring responses to alcohol requiring even simple tests, there is
a complex change of sensory perception, mental recognition of a stimulus,
and choice of appropriate action, all of which may respond to alcohol in
different ways, so that the end result is a summation of these effects. It
is not surprising, therefore, that studies of even such a simple things as
reaction time have given varied and contradictory results.

Attempts to show a depressant effect of small quantities of alcohol on
simple reaction time generally are negative. Instruments have been
designed which incorporate an element of memory into the complex reaction
time test. Even with untrained subjects there is a small but highly
significant slowing of reeponse in the presence of mildly depressant doses.

Goldberg (99) has described, in a classical work, quantitative studies
in man relating to.alcohol tolerance, impairment of sensory, motor and
psychological functions. Sensoury functions are generally influenced at
lower concentrations of alcohol in the blood, and physiological functions
at higher concentrations. Departure from normal values are greatest in
the motor functions. The differences between the appearance and the dis-
appearance thresholds, that is, the alcohol concentration in the blood at
which impairment appears or disappears, varies according to the type of
function tested. For sensory furctions the thresholds coincide. For motor
functions the disappearance threshold is higher than the appearance thresh-
old, and for psychological functions the disappearance threshold is still
higher.

Behavior

Patterns of altered behavior produced by alcohol in animals have been
examined by a number of experimental psychologists with some interesting
results. Anxiety, as measured by the response of a trained rat to a light
warning it of impending shock, is significantly reduced by alcohol. The
drugs meprobamate, chlorpromazine and pentobarbital all significantiy
potentiate the reducing etfect of alcohol on anxiety. Discrimination, as
assessed by the correctness of the rat' s response, is also significantly
reduced by alcohol and potentiated by the drugs meprobamate, phenaglyco-
dol, chlorpromazine and pentobarbital. Inability to respond, as measured
by the rat remaining in the shock area, is similarly influenced by alcohol
and potentiated by the other drugs in combination. The three sepaia:i2
entities of discrimination, anxiety, and inability to respond, are affected by
various central nervous system depressants to different degrees, and are
potentiated differently.
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Conger (100) studied the effect of alcohol on rats in a simple '"approach-
avoidance'' conflict situation. Alcohol was found to abolish the avoidance r
conflict. Data is presented which indicates that this was due to a weaken-
ing of the fear-based avoidance response. Rats trained to depress levers
in order to obtain water showed diminution of this ability following admin-
istration of barbiturates. Simultaneous administration of barbiturates and
ethyl alcohol blocked the effect, and performance returned to normal. In
explanation it has been suggested that the alcohol might alter the rate of
absorption of the barbiturate or compete with it at the neural site of bar-
biturate action. Due to the small number of animals Carlton (101) used in
the experiment, this may merely be random variation.

Rats trained to escape from a compartment where they experienced
electric shock, the strength of escape response being used as a measure of
fear or its extinction, exhibited a reduction in the strength of the escape
response after alcohol, though they moved about freely. Rats trained to
depress a bar to avoid electric shock spent a mean time in pressing the
bar of 9. 38 seconds after alcohcl, in comparison with their control value
of 66. 34 seconds, thus confirming the fear-reducing effect of alcohol. When
retested 72 hours later, a similar effect of decreased anxiety was noted,
even though the physiological effects of alcohol had disappeared.

Rats stressed by being forced to swim with a weight attached to the tail
appear less intoxicated than unstressed animals with corresponding blood
alcohol levels, when tested by the tilted plane method. Blood alcohol
levels are lower in the stressed than in the unstressed animals when alcohd
is administered orally, but blood alcohol levels are identical after intra-
peritoneal injection. Rats already intoxicated can suddenly recover when
subjected to swimming stress. However, the recovery is only temporary.

Laboratory animals trained to avoid other unpleasant stimuli show a
reduction in the response to the primary non-painful stimuli with the newer
psychotherapeutic agents. This again is interpreted as a measure of reduc-
tion of anxiety of the animal. When multiple choices of escape are intro-
duced, the factor of discrimination is added to the test situation. Tested
in this manner, meprobamate, phenaglycodol and alcohcl each decrease
anxiety, discrimination and the ability to respond. Anxiety is further
reduced when meprobamate, chlorpromazine and pentobarbital are com-
bined with.alcohol. Loss of discrimination caused by alcolol is potentiated
by inclusion of meprobamate, chlorpromazine, phenaglycodol and pento-
barbital. The complets inability to respond as induced by alcohol is also
potentiated by these drugs. Alcohol has been demonstrated experimentaily
to inhibit or diminish conflicting drives, and its ingestion will cause test
animals to disregard a frightening blast of air in order to chtain food.
Further, prolonged alcohol consumption of 5 to 10% ethyl alcohol up to a
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period of five months has no effect on the acquisition or extinction of a
learned pressing response using food as a reward. Utilizing a battery of
tests of motor function, such as righting reflex, swimming time from point
to point, gait, behavior and equilibrium, the regression of performance in
rats as related to alcohol dosage does not deviate significantly from linear-
ity. A correlation is found between impairment of performance and blood
alcohol concentration.

A crucial problem as regards the effect of alcohol on behavior is: why
does the same blood alcohol level affect one person one way and another
similar person another way. In general the proportion of negative reactiorns
indicating aggression, antagonism, disagreement and the like, increase
with drinking. The position of the individual in the group seems to have an
important effect on the increased proportion of negative reaction in test
situations. Central persons increase the proportion of negative reactions,
and isolates do not. Individuals with a relatively permissive attitude
towards aggression, while under the effect of alcohol tend to increase the
proportion of negative reactions more than others. The norms of the
individuals therefore seem to have an important bearing on their behavior
while under the effects of alcohol. It is observed by a number of investi-
gators that alterations in behavior at a given blood alcohol concentration
reached rapidly are greater than when reached slowly, and the individual
appears to be less intoxicated at a given blood concentration during the
decline in the alcohol level after the peak has passed, than during the
early phase of rising blood alcohol level.

Comparison of the behavior of those suffering from alcoholism and
opiate drug addiction indicates interesting differences. The normal behav-
ior pattern of drinking is different from that involved in taking opiates.
Commencing with a few social drinks there is a rapid effect on judgment
and inhibitions, with motor incoordination and failure of insight as the blood
level of alcohol rises. Finally slovenliness, loss of control, anesthesia,
stupor and even coma occur. In contrast to this, while the narcotic addict
may experience transitory nausea, there is a period of maximal apprecia-
tion of the subtle effects of the drug, including the feeling of bodily warmth,
lethargy, somnolence, relaxation and comfortable detachment. Following
the period of maximal appreciation of the effects of the drug, there is a
gradual return to the pre-drug state, in which the user returns to his
normal activities but maintains to a lesser degree the comfort, detachment
and loss of tension which he experienced the first hour or two after taking
the proper amount of the drug. The confirmed alcoholic, while normally
wishing to become convivial and relaxed, progresses to the point of total
drunkenness, the most striking feature thus being that his expressed wish
is usually disparate with what he ultimately achieves. The addict on the
other hand rarely desires and rarely achieves unconsciousness or oblivion
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in the late stages of intoxication. Further, while under the influence of the

drug he can carry out normal trades without apparent disturbance, and -
maintain a reasonable degree of motor coordination. The alcoholic fre-

quently develops aggressive social behavior and becomes involved in inap- 3
propriate social relations. Except when driven to crime in order to pay

the cost of maintaining his habit, the opium addict is comfortable and func-

tions well socially as long as he receives large enough doses of the drug to

stave off his abstinence syndrome. The chronic alcoholic, on the other

hand, cannot function normally as long as he maintains his intoxicating

state. Thus the chronic alcoholic suffers in his intoxication while the

opium addict suffers primarily in its abstinence.

Reaction Time and Coordination

Impairment in coordination has been demonstrated in subjects whose
skills have been measured repeatedly during the absorptive as well as
eliminating phase of alcoholization. Bschor (102) demonstrated that the
threshold of impairment might be as low as .02% during ascent of the curve
and disappear at . 12% during the descent of the curve. He also noted that
at a concentration of .14%, performance was impaired to the extent of 94%
in single subjects during the rising level, and to only 14% when it was
falling. The explanation of this event in terms other than '"compensation of
the organism'' as advanced by the author, may be that a greater concentra-
tion occurs in the brain during the rising phase than is reflected by venous
blood samples, and that the cells respond more forcefully to a given alcohol
concentration achieved rapidly than to the same concentration achieved
gradually.

Joyce (103) evaluated the effects of ethyl alcohol on reaction time to
visual and auditory stimuli, and speed and accuracy in typing. With alcohol
subjects typed faster but made more errors. Subjects frequently made
definite statements about their performance which indicated they assigned
a better degree of skill than was obtained by measurement.

Mueller (104) reported that drawing tests and reaction time are adver-
sely affected by alcohol in 80% of subjects at .10%, and in all subjects at
.15%. The typing efficiency of five professionsl typists who had ingested
.5 to 1 gm of absolute alcohol per kg of body weight, was adversely affected
long before clinical signs of intoxication could be observed in the subjects.
Graphologic tests comparing handwriting, the time required for writing,

4
fine motor coordination and accuracy, show significant differences in o
normal male subjects following the ingestion of bourbon whiskey in amounts ;e
sufficient to reach a concentraticn of between .05 and .175%. Using a F |
commercial target shooting device of the type found in amusement parks, :

Y.
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.- Newman (105, 106) found that there was a critical level of blood alcphol for
each individual at which coordination began to drop significantly. Small
increases above this level produced proportionately iarge losses of co-
‘ordinative ability. These functional decrements occurrea 2t lower levels
than a diagnosis of intoxication could be made clinically.

-
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Reaction time to optic and acoustic stimuli is impaired at levels of . 08
and .1%, although for a longer period during the elinmination phase than’
during the absorption of alcohol. Sleep, temperature and exercise have no
effect on improving the performance. Alcohol increases the reaction time
to simple visual stimulation, while caffeine tends tc return the lengthened
time toward normal values. However, the changes in simple visual re-
action time are so small that there is negligible impairment at blood levels
below 0.1%. On the other hand, motor tasks consisting of removing
sleeves from one set of pegs and replacing them on pegs on a different
board, are influenced by ingestion of as little as 45 cc of absolute alcohol
as measured by the median time required to perform the task. While sub-
jects performed less well after receiving alcohol, their learning ability
as measured by increased dexterity is not impaired on subsequent sessions.

i . Cerebration
§

Alcohol appears to have a stimulant action on the central nervous sys-
tem because of its depressing effect on inhibitions. Artually, alcohol
depresses the higher brain centers, diminishing the feceling of responsibility
and releasing more primitive functions. A variety of test situations among

different test groups point to the decrease of cerebration at a certain
threshold alcohol level, which differs markedly among testees, below
{ which there is no significant impairment and above which deterioration is

rapid. As regards creative ability, Froster (107) has indicated that the
majority of contemporary writers feel that alcohol brings no inspiration.

The greatest disturbance in the sensory functions generally becomes
manifest at a time later than the time of maximum blood alcohol lev=ls.
The greatest disturbance of motor function, on the other hand, coincides
with the blood alcohol maximum. The greatest psychological disturbances
generally occur earlier than blood alcohol maximums. These thresholds
' range from .03 to .06, being considerably higher in the heavy drinker.
' Sedation threshold, defined as the amount of ethyl alcohol required to pro-
\ duce slurred speech in testing sessions, showed a positive and significant
At correlation with arnobarbital used in a similar fashion. Impairment in per-
formance of certain tests,, such as sentence completion, two-handed coor-
dination, and steadiness in tapping speed, correlated with the threshold

but not with the dose of drugs used. Alcohol ingested in amounts equivalent
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to a double whiskey had no significant effect on the intelligence test score
as measured by Chetell 11 A tests. The average score of the test group
was only 4 points lower than the average placebo score. Subjects given a
battery of tests intended to measure intellectual functions and dexterity
show a significant impairment in zll performance scores when the blood
alcohol reached a mean of .17%. In tests to determize whether intellectual
function and dexterity are still impaired when alcohol had been eliminated ¢
from the blood, it was determined that brandy drinkers had no impairment,

while there was occasional impairment in some of the test scores during

hangover secondary to beer intoxication. These results are similar to

those obtained in studies of fatigue and mental stress, and it is important

to consider that the test situation itself, with prolonged hours and

concomitant lack of sleep, may have been a factor.

Alcohol in small doses reduces the number of small errors but
increases the number of failures in rats trained to run a maze. Acetalde-
hyde also produces a similar effect, though of ehort duration. However,
wien the two substances are administered together, the effect is much
greater than after each drug alone. The synergistic effect with alcohol
seems to persist long after the cardiovascular disturbances of acetaldehyde
disappear.

Wechsler (108), in a study of the I.Q.'s as determined by the Wechsler-
Bellevue Adult Scale in a series of acute alcoholics, chronic alcoholics and
normal individuals, concluded that a significant deterioration of various .
higher mental activities occurs over a 10-year period of alcoholism, but
was not diminishable after acute alcoholism alone.

When experimental subjects are given alcohol calculated to produce a
concentration of . 10% in the blood, varying effects upon fluency of conver-
sation are obtained. However, the two major effects are that alcohol
reduces the fluency of word production as it reduces many other functions
of the organism, and reduces conformity to standards of performance. In
tests of fluency with moderate degrees of restriction, ingestion of alcohol
in experimental subjects relaxed their standards of conformity so that they
may make higher scores than without alcohol, but these are frequently
associated with error.

Nerve Transmission

Alcohol acts as a depolarizing agent for excised nerve tissues in con- 2
centrations of 9.2 to 0.46% by volume. The rate of depolarization in- i
creases rapidly with the concentration of alcohol. However, alcohol has - ]
no demonsatrable direct effect upon the excitable mechanism, since the
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ability of nerve fibers to conduct electrical impulses can be restored by
raising their membrane potential.

Alcohol concentrations between 4 and 10% increased excitability of the
nerves of frogs, while concentrations between 15 and 25% caused rapid
paralysis of the nerves. Absolute ethyl alcohol injected into leg and
muscle sciatic nerves of cats caused destruction of muscle tissue. Muscle
regeneration occurred in seven days. No sign of axis cylinder regenera-
tion was noted in the nerve in this time. It may be concluded that injected
alcohol causes local anesthesia by nerve destruction rather than by nerve
blockade.

A concentration of 1.23% alcohol increases the stimulation of the motor
-end plate in isolated nerve diaphragm preparation, while concentrations of
2.56% inhibit this effect. Both concentrations counteract the inhibiting
effect of curare, and similarly, paralyzing concentrations of curare
counteract the inhibiting effect cf alcohol.

Jarnefelt (109) has postulated that alcohol interferes with the active
transport of sodium across the cell membrane, causing a decrease in its
rate of uptake, which also means that the process that is the energy source
of this reaction, the splitting of ATP, is slowed up. This leads to the pro-
duction of less ATP, and, through the mechanism of respiratory control, to
a lower respiratory rate. The lower rate of sodium transport leads to a
smaller difference in concentration on the two sides of the membrane, and
thus to a lower membrane potential.

Alcohol injected into cruciate cortex and hypothalamus of cats at con-~
centrations of . 02% causes a central stimulation as determined by changes
in the threshold value for electrizal response. At higher concentrations
which are depressant but not toxic, the motor responses of the cortex to
electrical stimulation are depressed. In unanesthetized cats the electrical
reactivity of the hypothalamus is increased by direct injection of .0I%
alcohol, but not materially changed by intraperitoneal administration at
doses as high as 1 cc per kg.

Kalant (110) has advanced an interesting theory concerning the site of
alcohol, pointing out that higher levels of the central nervous system exert
selective stimulatory and inhibitory influences on synaptic transmission
between neurons involved in spinal reflexes, and that the apparent change
in reflexes and motor nerve conduction may reflect an effect of alcohol upon
peripheral rather than central neurons. He further contends that neither
biochemical nor neurophysiological evidence supports the idea that alcohol
acts primarily and directly to depress the cerebral cortex. He believes it
more likely that alcohol acts on some regulatory structure, probably the
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reticular formation of the brain stem, midbrain and thalamus, which
modifies activity of the cerebral cortex as well as that of the peripheral
neurons in the spinal and brain stem reflexes. Intoxication from alcohol
may reflect, therefore, elimination of organized patterns of cortical elec-
trical activity and increased excitability of cortical cells, resulting from
mild depression of the reticular activating system with release of the
cortex from selective control and inhibition.

Wallgren (111) sought to establish a relationship between ethyl alcohol
and the acetylcholine system in the cortex. In vivo, rats given lipid-
soluble thioacetylcholine analogs in addition to alcohol had a profound
degree of intoxication as measured by tilted plane tests. In vitro, the
lipid-insoluble substances acetylcholine, curare, deca- and hexamethonium
were inactive in arresting unstimulated glucose metabolism in brain tissue
respiration. The thioacetylcholine analog, a detergent, and ethyl alcohol,
however, all caused a transient increase in respiration. Atropine and
ethyl alcohol further diminished or abolished the response to electrical
stimulation. The inference of this work is that acetylcholine is involved
in the response of brain slices to electrical stimulation, and that ethyl
alcohol may depress such responses to stimulation by a non-specific action
on this system.

In initial stages of light and medium intoxication, motor chronaxie is
shortened, while the chronaxies of antagonistic muscles are equalized or
show a reversal. In sleep induced by medium alcohol intoxication, the chro-
naxie is lengthened, but not more than normal sleep. In narcosis induced by
alcohol, there is marked increase in the chronaxie. While alcohol reduces
the chronaxie as measured in ra's, in the presence of apomorphine or
TETD the chronaxies rise higher and do not return to normal as rapidly.
Nerve chronaxies are lowered in rats receiving 5 to 10 gm/kg of absolute
alcohol after two or three days, and level off at a lower plateau. Muscle
chronaxies rise on the 7th to 10th day. Glucose and lactose administered to
these chronically intoxicated rats had slight effect on chronaxies, and
vitamins By and B; had no effect at all.

Alcohol has a biphasic effect on the excitability of the central nervous
system as determined by the susceptibility of mice to experimental convul-
sions, It raises the convulsive threshold of treated mice 3. 57 times that of
controls, The maximum anticonvulsant activity occurs about 30 minutes
after administration and then assumes a gradual decline, being lower than
the controls 12 hours after administration. It apparently prevents full
seizure spread and elevates the threshold. Interpolating these results to
man, one would expect seizure susceptibility in the sobering up phase of
intoxication.
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The modification by alcohol of maximal electrical shock seizures in
animals is similar to that produced by clinically effective antiepileptic
agents, but with a lower protective index. The threshold is raised 20 to
100%, depending on the dose of alcohol administered. Chronic administra-
tion of alcohol continues to elevate the threshold and serves in a protective
capacity over a period of two weeks. However, on cessation of administra-
tion, animals become hyperexcitable with a lowering of the threshold level,
resulting in deaths from levels of stimulus which did not produce a lethal
effect while the alcohol was being administered. This transient hyper-
excitability which temporarily supercedes the anticonvulsive effect of
alcohol supports the view that epileptic patients should abstain from alcohol

Rats can be rendered more susceptible to seizures by a diet deficient
in available magnesium, or by a normal diet which contains 10% alcohol
as the only fluid supply. A rapid decrease in serum magnesium is
achieved in animals fed magnesium-deficient diets when they also reaceive
alcohol. Cerebral cells have an increased concentration of sodium while
the serum is relatively low in magnesium. Animals maintained -'n 1 5 or
10% alcohol fluid intake for a period of 129 to 157 days showed i 1. .acrease
in both minimal seizure and maximal seizure thresholds. The esperi-
menters concluded this was due to the direct depressant action on the
central nervous system, but the explanation may not be sufficient, since
other investigators have shown their rats developed tolera=z.e to other
motor functions after nine weeks.

Alcohol has been demonstrated to reduce the frequency with which
audiogenic seizures may be produced in rats at relatively low blood levels,
from .02 to .04%, and to completely abolish the response at . 08% and
greater. Low blood alcohol concentrations therefore diminish significantly
the response of animals to stress that normally evokes grossly disturbed
behavior. As these animals are still responsive to auditory stimulation
and demonstrate normal exploratory activity in the testing bcx, it would
appear that the abolition of seizures arises from either a functi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>